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GEOLOGY OF THE UNITED STATES. 



PREFACE. 



All inquiiy into the imture and properties 
of rocks, or the relative situations they occupy 
on the sur&ce of the earth, has been much ne- 
^ected. It is only since a few years that it has 
been thought worfl} the attention of either the 
learned or unlearned; and even now, a great 
proportion of bpth, treat such investigations with 
contempt as beneath their notice. 

-The Germans were anmngst the first who 
began to make accurate observations in this 
branch of science. Werner reduced the no- 
menclature to some regular form, and founded 
his system on the relative situations of the dif- 
ferent classes of rocks. Although subject to all 
the errors inseparaUe fi-om systems founded 
upon a speculative theory of origin, the system 
of Werner is still the best and most compre- 
hensive that has yet been formed. 

Why mankind should have so lonjg neglected 
to acquire Jmowledge so useM to the progress 
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of civilization — ^why the substances over which 
he has been dsdly stumbling, and without whose 
aid he could not exercise any one art or profes- 
sion, should be tJie last to occupy his attention 
— ^is one of those problems, perhaps orily to be 
solved by an analysis of the nature and origin of 
the jjower of the few, over the many. 

The science of Geology, until lately,,has been 
confined to speculative theories on llie ori^ 
and formation of the earth. Whether they have 
made any progress toward the discovery of that 
hidden mystery, or whether the last theory is 
nearer the truth than the first, is difficult to de- 
cide; for we have no data, no scale by which we 
can measure their relative merits. Each new 
theory is ushered in, by its author attempting to 
refute all former theories^ but it is still doubt- 
fill whether success will repay the labour of so 
many men of brilliant ima^ations, who have 
exerted their talents to make the discovery of 
the earth's origin. Meanwhile, the usefiil appli- 
cation of the substances found on the eai^'s 
surface, to arts, manufactures and science, has 
been rapidly progressing in proportion to the 
increase of positive knowledge ; foDowing in this 
respect, during great part of the last fifty years, 
the usual steps of rational civilization. 

In all speculations on the origin, or agents 
that hatve produced the changes on this globe, 
it is probable that we ought to keep within the 
boundaries x)f the probable effects resulting from 
the regular operations of the great laws of na- 
ture which our experience and observation has 
brought yrithin the sphere of our knowledge. 
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\Vhen we overleap those limits, and suppose a 
total chan^ in nature's laws, we embark on the 
sea of uncertainty, where one conjecture is per- 
haps as probable as another; for none, of them 
can have any support, or derive any authority 
from the practical fiicts wherewith our expe- 
rience has ta-ought us acquainted. The equa- 
tor has been supposed to have been once where 
the poles are now, to account for the bones of 
the animals now living near the tropics being 
found in the higher latitudes; yet without any 
change either in the poles or equator, it is cer- 
tainly not impossible but even probable, that 
these animals, before their tyrant man obstruct- 
ed theii' passage, might migrate to the north 
during nearly three months of the summer; 
and might have a sufficient quantity of heat, 
and a much greater abundance of nourishing 
vegetable food, than the torrid zone could afford 
them at that season. 

There does not appear to be any thing either 
in the climate or food that could prevent tiie 
elephants, rhinoceroses, ^c. from following the 
spring into the north, and arriving in the sum- 
mer even to the latitude of 50 or 60 degrees, 
and retiring to the warmer climates on the ap- 
proach of the winter; on the contrary, it would 
appear to be the natural course of things, and 
what I believe our buffaloes in the uninhabited 
parts of our continent still continue to do ; that 
is, to migrate in vast droves from south to 
north, and from north to south, in search of 
their food, according to the season. * 

The birds and the fish continue their migra- 
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tions, passing by roads out of the reach of man; 
Uie natural change of place which their wants 
require, has not been barred and obstructed hy 
the united power and industry of the lords of 
the creation.* 

To specify the many praclical advantages 
arising from the knowledge of the nature and 
relative positions of the rocks which cover the 
surface of the earth, would require volumes. 
Here, it is only proposed to mention a few, 
which almost every man, during some period of 
his life, may find the necessity of resorting to. 

First, from the knowledge of the relative si- 
tuation of rocks and from an accurate investiga* 
tion of the usual succession of one species of 
rocks to another, vre are guided in our search 
for coal, gypsum, salt, limestone, millstones, 
grindstones, whetstones, ^c; as well as the 
probable places where to look for aU kinds of 
metallic veins and repositories: for example, 
coals have not been found under any species of 
primitive rocks; of course, we should not look 
for them in that class, and if when dicing for 
coal, we should come to the primitive rocks, 
we should desfet Coals have not been found 

* Until lately we have restricted nature to two modes 
of acting; by fire^ and by water: now^ it is found, that she 
can change and metallize rocks in the dry way, without 
tiny solution or fluidity; and the galvanic pile may be 
formed in the stratifications of a mountain, as well as in a 
chemist's laboratory. These are two other modes wherein 
we must now allow her to change and modify the surface 
of this earth; and who can say how many more means 
yet unknown, she may possess? each of which, when found 
out by accurate and impartial observation, must make a 
change in former theories. 



in any profitable ^uontitie^ under any con^de- 
rable bed of limestone, fijc ^c. Wolfram ac- 
companies tin in the greatest part of the tin 
mines; of course the appearance of wolfram is 
a sign, that most probably tin may be found in 
flie vicinity, ^c. Great sums of money havci 
been lost in ttie United States, and in other 
countries, by digging for^ substances among 
classes of rocks, which have never been found 
to contain them elsewhtere; and of course the 
probability was against their being found in that 
class of rocks here, 

A knowledge of the nature and prjoperties of 
rocks, and the results of their decompo^tion^ 
enables us to judge of their hardness, easy or 
difficult decomposition, their component parts, 
mode of splitting, ^c. by which we judge of 
their fitness for house buildings, roofing, road 
making, burning for limCy china or pottery, brick 
making, glass making, hearths for forges and 
furnaces, ^c. We likewise know, by previous 
experience, the nature and richness of any* me- 
tallic ore that may be found, andl can calculate 
fropa the expense of procuring any ascertained 
quantity, whether the mine will pay for the 
working. It is thus we may avoid the losses 
of dig^g for species of Ore, such as pyrites, 
that is worth litfle or nothing; as well as ex- 
pending money in working a mine that was not 
rich enough to pay the labout- Much money 
might be saved by this kind of knowledge, in 
road making, where it fi'equentiy happens that 
a rock, such as limestone, slate, serpentine, ^c. 
which would not perhaps last three months, is 



Viil PREFACE. 

taken in preference to a quartz or hornblende 
rock, that would wear one or two years. Ex- 
pense is often incurred by making and burning 
bricks, that are useless from the clay containing 
too great a quantity of calca]:eous matter; or of 
burning Ume when the stone attempted to be 
b^urhed contains too little of calcareous, and too 
much of argillaceous or other foreign matter, 
which prevents it being reduced to quicklime; 
aU which, the proper application of a small 
quantity of acid might prevent. 

It may be objected, that there are profes- 
sional men who will ^ve advice on these sub- 
jects, on better terms than we can acquire our- 
selves the necessaiy knowledge ; but it is some- 
times the case with all kinds of counsellors, that 
they are more interested in the profits of the 
process, than .in the profits of the result: and 
when it is considered, that less than half the 
time necessary to give a smattering of any of 
the dead languages at our academies, would be 
more than sufficient to ^ve our youth a com- 
plete knowledge of the common and useful ap- 
plications of earths and rocks, we may reason- 
ably hope that ere long some portion of time 
will be appropriated in our colleges and univer- 
sities, to studies of undisputed utility; and that 
a knowledge of substances, their properties and 
their uses, will be permitted in some degree to 
encroach on the study of mere words. The 
time seems fast approaching when what is cafl- 
ed learning will not in all cases be deemed, as it 
has been in too many, synonymous with know- 
ledge. 



PRBFACB. IX 

The greatest part of the first and second 
chapters of these observations was published in 
the sixfli volume of the Philosophical.Transac- 
tions, at Philadelphia, with the geological map. 
This was afterwards translated into French, and 
published in the. Journal de Physique, for Fe- 
bruary, 1812, accompanied also by a geological 
map; since which we are indebted to tiie active 
attention of Dr. S. L. Mitchill,* for the only 
correction that has since been made, which 
consists in extending the alluvial over Ihe whole 
of the east end of Long island, whereas we had 
supposed that the alluvial of the northern skirts 
of file island had rested on primitive. During 
an excursion last summer, an opportunity was 
afforded of ascertaiiring and extending the li^ 
mits of the transition in the states of Pennsyl- 
vania and New York, as well as the boundaries 
of the great primitive formation, north of the 
Mohawk; and fixing the limits of the transition 
on Lake Champlain and in the state of Vermont 
with more precision. 

The third and fourth chapters, are an attempt 
to apply Geology to agriculture, in showing the 
probable effects the decomposition of the differ- 
ent classes of rocks may have on the nature and 
fertility of soils. It is the result of many obser- 
vations made in Europe and America, and may 
perhaps be found more usefid in the United 
States than in Europe, as more of the land is 
in a state of nature, not yet changed by the in- 
dustry of man. 

^ Dr. Bracers Mineralogical Journal^ vol. I 



CONTENTS: 



Chapter I. 



Geneiml Remarks on the Method qf pursuing 
Geological Researches^ with a few Observa- 
turns on the different Chains qf European 
Mountains^ compared with those of the United 
States (f America. 



Chapter !!• 

Observations on the Geoiogy of the United States 
(f America^ in Explanation of the geological 
Map, 



Chapter III. 

Hints on the Decomposition of Rocks^ with an 
Inquiry into the probable Effects they niay 
produce on the Nature (ind Fertility of Soils. 



Chapter IV, 

The probable Effects^ which the Decomposition 
of the various CUmes of Bocks may have on 
the Nature and Fertility of the Soils of the 
different States of North America^ in reference 
to the accompanying geological Map. 



OBSERVATIONS, &c. 



CHAPTER I. 



General Remarks on the Method of pursuing Ge- 
ological Researches^ with a few Observations 
on the different Chains of European Moun- 
tains^ compared with those of the United States 
of America. 

The examination of the different substances 
which cover the exterior of the globe, may be 
commenced and pursued in two ways, both lead- 
ing to tiie same point, though by opposite roads. 
The firsts beginning by an accurate investigation 
of a small portion of the surface, describing ex- 
actly the different rocks, with their immense 
variety of arrangement in the position of their 
component parts, detailing the changes acciden- 
tal or natural constantly occurring in their re- 
lative situation, and endeavouring to reduce the 
whole into some regular series of arrangement. 
This method necessitates the reunion of a great 
number of those portions, before any correct ge- 
neral ideas can be formed. 

The second^ beginning with the great out- 
Ijnes, traces the Ihnits which divide the prin- 

c 
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. \) 
cipal climes of rocks, and their relative situa- . 

tions^and extents; leaving the examination of 
the**vast variety, contained in each class, to be 
.|P^gidated by the general principles previously 
•.inquired. 

/ The method founded on accurate observa. 
tion, though limited in extent, would appear to 
be the best, and confirmed by the practice of 
acquiring all the other sciences; and yet on a 
further examination, there are serious objec 
tions arising fi'om the difficulty of the execu- 
tion, on account of the great variety and imper« 
eeptible shades of gradation fi'om one kind of 
rock to another 5 which would render the no- 
menclature extensive and intricate, necessitating 
long and voluminous descriptions, conveying 
imperfect ideas, that rather fatigue than instruct: 
for eiample, it would reqmre a vciume to de- 
scribe all the varieties of rockfe found in a range 
t)f forty leagues of the primitive fintnatioii; and 
in two leagues, either to the ri^t or left of th* 
feame range, the changes would iill another vo- 
lume. 

In tracing the outlines of the differeirt forma* 
tions in most countries, there is less confusion 
€tfid embarrassing description necessary; the li- 
mits once ascertained, a few pages define flie 
boundaries, and explain the relative i^tuations td 
<he comprehension (rf evety reader. For ex- 
«.mple: ki the north of Europe, Norway is pri- 
mitive with a few exceptions, the ^eatest part 
of which is the basin surrounding Clnistiania, 
which is transition. Sweden is primitive, ex- 
cept the southern part in Scania, futid part €^ 
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the coast of the Categat, with some of the bor- 
ders of the great lakes, which are secondary. 
Both sides of the gulf of Bothnia to the Noi-th 
cape, and from thence thi^ough Finland to St 
Petersburg are primitive. From St. Petersburg 
to the secondary limestone of the Crimea is aL- 
luvial, except in three places, a narrow bed of 
chalk at Sewsk, twelve posts south-west of Tu- 
la, between Bogouslaw and Corsoun, ei^t posts 
south of Kiew, and from Elisabethgrad four 
posts to Wodinaria, where the primitive ap- 
pears in the beds of the rivers. The secondary 
limestone of the Crimea is ^cceeded by the 
transition^ about one and a half league south of 
^mphiropol, and the whole ran^e of mountains 
along the Black sea on the south side of the 
Crimea is transition. 

The south side of tiie Baltic is an extensive 
alluvial formation, bounded in Poland by the 
secondary limestone at the foot of the Carpa* 
thian mountains, in Silesia and Saxony by the 
edge of the secondary limestone that covers 
the foot of the Bohemian mountains, and so 
along the Thuringwald and Hartz to the Norfli 
.sea. Between these mountains and the Baltic, 
is one continued plain of alluvial with few or 
no exceptions^ the exact limits of which would 
be easily ascertained, and still more easily de- 
scribed, to the tinderstanding of every one; 
even the omission of some exceptions would 
not materially affect the utility^ as they wotdd 
be rectified by the next observer. 

Another inconvenience seems to arise out (rf 
the metiiod of examining minutely a smdl por- 
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lion, or part of one range of mountains, and 
that is the formation of a system which, though 
according exactly with Ihe structure of the coun- 
try examined, is too often in contradiction with 
the nature and formation of most others; tend- 
ing in veiy many cases to perplex the reader, 
and throw the whole into dfecredit. In the pre- 
sent state of geological knowledge, an accurate 
definition of &e rocks, commonly found united 
in great and extensive masses, r with the limits 
of separation between them and rocks of the 
other great classes or formations, might perhaps 
be the plainest and most certain mode of in- 
creasing our knowledge, correcting the errors 
of the vast number of old, and throwing more 
light on the formation of new systems. 

The short period of tune that mankind seem 
to have been capable of correct observation, and 
the minute segment of the immense circle of 
nature's operations, that has revolved during 
the comparatively short period, renders aU spe- 
culations on the origin of the crust of the earth 
mere conjectures, founded on distant and ob- 
scure analogy. Were it possible to separate this 
metaphysical part from the collection and clas- 
sification of facts, the tiiith and accuracy of ob- 
servation would be much augmented, and the 
progress of knowledge much more certain and 
uniform ; l^ut the pleasure of indulging the ima- 
gination is so superior to that derived from the 
labour and drudgery of observation — ^the self- 
love of mankind is so flattered by the intoxi- 
cating idea of acting a part in the creation — 
that we can scarcely expect to find any great 
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collection of fkcts, untinged by the false colour- 
ing of systems. 

The peculiar structure of the continent of 
North America, by the extended continuity of 
the inmiense masses of rocks of the same for- 
mation or class, with tiie uniform structure and 
regularity of their uninterrupted stratification, 
forces the observer's attention to the limits 
which separate the great and principal classes; 
on the tracing of which, he finds so much or- 
der and regularity, that the bare collection of 
the facts partake somewhat of the deliysion of 
theory. 

The proniinent feature of the eastern side of 
the continent of North America, is an extended 
range of mountains, running nearly north-east 
and soutii-west fi^om the St. Lawrence to the 
Mississippi, the most elevated parts as well as 
tiie greatest mass of which consists of primitive 
as far south as the Hudson river, decreasing in 
hei^t and breadth as it traverses the state of 
New Jersey. The primitive occupies but a smaU 
part of the lower country, where it passes through 
the states of Pennsylvania and Maryland, where 
the highest part of the range of mountains to 
the west consists of transition, with some inter- 
vening vallies of secondary. In Virginia, the pri- 
mitive increases in breadth, and proportionally 
in height, occupying the greatest mass, as well 
as the most elevated points of the range of 
mountains in the states of North Carolina and 
Georgia, where it takes a more westerly di- 
rection. • 

Though this primitive formation contains aU 
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Hu^ variety of primitive rocks fiaund in the moim<» 
tains of Europe, yet neither their relative situa- 
tion in the order of succession, or their relative 
heists in the range of mountains, correspond 
with what has been observed in Europe. The 
order of succession from the clay state to the 
granite, as well as the gradual diminishing 
height of the strata, from the granite through 
the gneiss, mica slate, homU^de rocks, down 
to the day slate, Is so often inverted and mix- 
ed, as to render the arrangement of any regu- 
lar series in^iracticable. 

No secondary limestone has been found on 
the south-east side of the primitive, nor any se- 
ries of other secondary rocks, except some par- 
tial beds of the old red sandstone formation, 
whidh partly cover its lower edge; in this, it 
seems to resemble some of tiie European 
chains, such as the Carpathian, Bohemian, Sax- 
on, Tyrolian and Alpine or Swiss .mountains ; 
all of which, though covered with very exten- 
sive secondary limestone formations on their 
north and west flanks, have little secondary 
limestone on their southern and easte^:n sides. 

The old red sandstone abov^ mentioned, co- 
vers partially the lower levels of the primitive, 
frcMB twelve miles south of Connecticut river to 
near the Rappahannock, a range of nearly four 
hundred miles; and though often inteirupted, 
yet retains throu^ the whole distance that uni- 
form feature of resemblance so remaricable in 
the other formatioiB of this .contmcnt. The 
same nature of sandstone strata is observable, 
running in nearly the same direction, partially 
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cov«ped wifli wacke and greenstone-lrap, and 
cont^dning the same metalHc substances. The 
above uniformity is equally observable in the 
great alluvial formation which covers the south* 
east edge of the jHimilive, from Long island to 
the gulf of Mexico, consisting of sand, gravel, 
^c* vnttk marsh and sea mud or clay, contain* 
if^ both vegetable and animal remains, found 
from thirty to forty feet below the surface* 

Along tiie north-west edge of the prfenitive, 
commences the tramkim formation, occupying, 
after the primitive, some of the highest moun« 
tains in tlie range, and appears to be both 
higher and wider to the west in the states of 
Pennsylvania, Maryland, and part of Vir^nia, 
where the primitive is least extended, and low* 
est in height. It contains all itie varieties of 
rocks found in the same formation in Europe, 
as the moimtains in the Crimea, ^c. and resem^ 
bles in this the chain of the Carpathian, Bohe^^ 
mian and Saxon mountains, which have all a 
very considerable transition formation, succeed- 
ing the secondary limestone on their northern 
sides. Anthracite has been founcf to different 
places of ^s formation, and has not yet been 
discovered to any of the other formations to 
North America. 

The necessity of such a class or divi^on of 
rocks afi the transUian^ has been doubted by 
some, nor is it now generally used to Ae south 
of JEupope; but such rocks are found, and to 
very con^deraUe quantities, to almost every 
countary that has been examined. There are 
only two classes, tlie primitive or seco&duy, to 
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which they can be placed. They are excluded 
from the primitive, by containing pebbles, evi- 
dently romided by attrition when in an insu- 
lated state, and by the remains of organic sub- 
stances being found, though rarely, in them; 
and yet many of the variety of transition rocks, 
such as the grey wacke slate, and quartzose ag- 
gregates, are hardly distinguishable from primi- 
tive slate and quartz when fresh; it is only in 
a state of decomposition, that the grain of the 
transition rocks appears, and facilitates the dis- 
crimination. 

If they are placed with the secondary, they 
would form another division in the class, al- 
ready rather confusedly divided; as theur hard- 
ness, the glossy, slaty, and almost chrystaUine 
structure of the cement of a great proportion of 
the transition aggregates, would exclude them 
from any division, as yet defined, of the other 
secondary rocks. Besides the objections arising 
out of their individual structure, the nature of 
their stratification removes them still fiirther 
fit)m the secondary, and makes them approach 
still nearer to the primitive. They are found 
regularly stratified, generally dipping at an an- 
gle above twenty and not exceeding forty-five 
degrees from the horizon; whereas, the secon- 
dary rocks are either horizontal or undulating 
with the inequalities of the surface. A bed of 
grey wacke, or grey wacke slate and transition 
limestone, runs south-west from the Potomac 
to near the Tadkin river, a distance of two hun- 
dred miles, fix)m one to five miles in breadth, 
having the primitive formation on each side, 
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clipping the same as the primitiye, though at a 
less angle, the strata running in the same direc- 
tion; and from its relative situation, dip, and 
stratification, bearing no characters of tiie se- 
condary, not having been yet found alternating 
with secondary rocks, it cannot be classed with 
them, without destroying all order and introdu- 
cing confusion. To class it with the primitive, 
would be making the primitive include not only 
aggregates composed of pieces of different kinds 
of rocks rounded by attrition, but also limestone 
with a dull fracture, coloured by organic or other 
combustible matter, which it loses by being burnt. 
It would perhaps add to the precision of the 
classification, if this class was augmented by 
placing some of the porphyritic and other rocks 
in it, which are nwre of an earthy than chrys- 
talline fracture, but which at present are consi- 
dered as primitive. 

It might have been as well i^ when giving 
names to the different classes of rocks, all re- 
ference to the relative period of their ori^ or 
formation had been avoided; and in place of 
.primitive w[id secondary^ some other names had 
jbeen adopted, taken from the most prominent 
feature or general property of the class of rocks 
intended to be designated, such as perhaps chrys- 
talline in place of primitive — deposition or hori- 
zontal in place of secondary, ^c; but as those 
old names are in general use, and consecrated 
by time and long habit, it is more than proba- 
ble that the present state of our knowledge 
does not authorise us to change them. The 
adoption of new names, on account of some 

JD 
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new property discovered in the substance is the 
cause of much complication and inconvenience 
already; and if adopted as a precedent in fu- 
ture, win create a ccmfused accumulation of 
terms calculated to retard the progress of the 
science. When we change the names ^ven to 
defined substances, by those who went before 
us, what right have we to suppose, that poste- 
rity will respect our own nomenclature? 

On the north-west side of the transition for- 
mation, along the whole range of mountains, 
lays the great secondary formation, which, for 
the extent of the surface it covers and the uni- 
formity of its deposition, is equal in magnitude 
and importance, if not superior, to any yet 
known: there is no doubt of its extending to 
the borders of the great lakes to the north, and 
some hundred miles beyond the Mississippi to 
the west. We have indeed every reason to be- 
lieve, from what is already known, that the li- 
mits of this great basin to the west, is not far 
distant from the foot of the Stony mountains; 
and to the north, that it reaches beyond Lake 
Superior, giving an area extending from east to 
west from Fort Ann, new Lake Champlain, to 
near the foot of the Stony mountains, of about 
fifteen hundred nules, and from south to north 
from the Natchez to the upper side of the great 
lakes, about twelve hundred miles. 

This extensive basin is filled with most of 
the species of rocks, attending the secondary 
formation elsewhere, nor is their continuity in- 
terrupted on the east side of the Mssissippi by 
the interposition of any otlier formation except 
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Hie alluyia] deposits on the banks of the large 
rivers. The foimdartipn of most of the level 
countries is generally limestone, and the hills 
or ridges in some places consist of sandstone: 
a kind of dark colom'ed slaty clay, containing 
vegetable impressions, mth a little mixture rf 
carbon, frequently alternates with all the strata 
of this formation, the whole of which is neariy 
horizontal. The highest mountains are on the 
.external borders of the basin, gradually dimi- 
nishing in height towards its centre. 

Two divisions, of the secondary formation 
common in Europe have not yet been disco- 
vered in this — ^the chalk formation, and what 
Werner calls the newest floetz-trap formaticm. 
The limestone generally found in tMs basin is of 
a bluish colour, running through all the shades 
to a dingy black, having an even, rather earthy 
fracture^ and sometimes a schistose structure, 
llie flints found in the secondary limestone in 
America, are generally Mack, resembling the 
Lydian stone, and in aU kind of irregular forms 
and branches intimately mixed with the lime- 
stcme. Ttie limestone, which often follows the 
chalk foimation in countries where chalk has 
been found, is generally of a white, running hito 
a drab or li^t-brown ccdour, a smooth, com- 
pact, conchoidal, almost resembling the fSaity 
fracture J having in some parts of Sie stratum 
rounded nodules of flinty interspersed apparent- 
ly without order; the flints in some places light 
coloured, in others dark; and some of the no- 
dules whitish on the outer edge, and Mackish 
towartb the centre. 
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A very extensive and regular formation of 
the above mentioned kind of limestone, sue- 
ceeds the chalk in Europe, and covers the tran- 
sition formation on flie north side of the moun- 
tains of the Crimea; holds the same relative si- 
tualioii^ along the north side of the transition on 
the Carpathian mountains; continuing throu^ 
Silesia and Bavaria along ^e Bohemian moun* 
tains to Ratisboii; from thence up the Danube, 
to Schalfhausen on the Rhine; and follows the 
liorth-west side of the Jura, across the Rhone 
to the Mediterranean: the limestone during this 
long course, is similar, both in colour and struc- 
ture; and in some places on the banks of the 
Danube, is in a schistose form. It is this kind 
of limestone wherewith they make the plates 
which afford such exact impressions of writings 
and designs at Munidi ; its compact, homoge- 
nous structure, without any grain, renders it ca- 
pable of receiving almost a metallic polish. 

The absence of the newest floetz-trap forma- 
tion (which partially and iiTegularly covers all 
other formations, thereby breaking the conti- 
nuity of the other strata) with the effect of the 
violent convulsions and earthquakes, so fre- 
quent in the vicinity of this ^sputed forma- 
tion, may be one cause why the prosecution of 
geolo^cal researches is so much more easy in 
North America than in Europe. A second cause 
producing much more imiversal and extensive 
effects, may perhaps be found in the difference 
of the number and magnitude of the accidents 
and changes that have been effected in the 
stratifications of the different classes of rocks 
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on the European continent, since their ori^nal 
formation; by the effebts of water, during the 
inmieni^ty of time, partially washing away the 
superincumbent strata, most liable to decompo- 
sition, and leaving &e more hai^d and durable 
parts of the same stratification in their original 
positions; or by the long and contibnual action 
of rivers wearing deep beds, and exposing to 
view the subordinate strata, giving to tiie whole 
the prcStent appearance of a confused and inter- 
rupted stratifications, though it might have been 
uniform and regular in its ori^al state. Ri- 
vers likewise, by undermining, throw immense 
masses out of their places, and create a disoi*- 
der and confiision, not easily unravelled. 

A third cause of the facility of geological ob- 
servations on this continent, may arise froin the 
whole continent east of the Mssissippi follow- 
ing the anungement of our great chain of moun- 
tains. This chain commences at the St. Law- 
rence river, and appears to be a spur fi-om the 
great mass of primitive, which occupies all the 
northern parts of the continent, runs a south- 
westerly course to the borders of Florida, is co- 
vered by the alluvial, and bounded by the sea 
cm the east side; on the west side it is covered 
with a considerable transition formation, which 
is followed by a still more extensive secondary 
formation, all of which run in a regular line of 
continuity. Europe, on the contrary, is formed 
of five or six chains of mountains, all following 
different laws of stratification, and fi-equentiy 
Interrupting each other ; which increases the 
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difficulty of arrati^g them m ^oups, and aug^i 
ments tiie apparent confusi6n. 

The rivers in Nortli America have not ge- 
nerally cut so deep into the different stota, 
either in the mountains, or during their course 
through the level country, as matfeiially t# de- 
range the stratificaHon; nor do- we find those 
immense and inaccessible precipices, which ren- 
ders the prosecution of gecdogical researches al- 
most impossible, ^oken, detached masses of 
one formation, covering the tops of mountains, 
with thdr sides or foundation composed of dif- 
ferent classes of rocks, seldom occurs; and 
where any iiregularity or apparent confusion 
takes jdace, the vicinity generally admits of a 
sufficient exatfiination of the surrounding strata, 
so as to account for the accident without affect-^ 
ing the general arrangement 
. Tlie stratificatipn of the great chsdns of moun- 
tains in Europe is so cut up and deranged by 
the action of water, wearing deep vallies, sur- 
rounded by inaccessible precipices, that at every 
step some unaccountable difficulty occurs ; the 
stratification is irregular and contradictory, the 
constant alternation of different formations baf- 
fles all the research which the nature of the 
place will permit of: if persevering industry, 
by accurate and minute mvestigation, should re- 
duce to some order one part of the chain, ano- 
ther part of the chain of mountains, changed by 
different series of accidents, cannot be reduced 
to order by the same rules; and the observer 
may perhaps fmd, that he has not been acqui- 
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ling tbe knowledge of the natural structure and 
arrangement of the original stratification, but 
only an imperfect idea of some accidental 
changes. It is probaWe in such cases, that it 
would be better to begin with taking general 
and extensive views of the whole chain, endCa- 
voming to find out the key to the original or- 
der of stratification, which would render it more 
easy to account for the accidents which, when 
examined separately, appeared to be irrecon- 
cileable exceptions.; 

The difference between the ranges of moun- 
tains in Europe and North America, appears to 
be much greater, as respects the accidental and 
subsequent changes, than in the original order 
and arrangement of their stratification, in the 
relative situation whereof tiiey fi'cquently agree. 
On the edge of the secondary, not far distant 
from the transition, have been found tiie most 
productive salt springs, yet discovered in North 
America, running nearly north-east fi-om Pi- 
gecm's river in the state of Tennessee, to Lake 
Onondaga; the salt works at Abingdon, and 
many other salt springs, though not wrou^t, 
occur; and in the same direction of the stratifi- 
cation^ gypsum has been cfiscovered. This si- 
tuation of salt and gypsum, corresponds with 
the situation of the scdt mines at Cracovia in 
Poland, which, with some others in the same 
country, are found on the edge of the secon- 
dary, almost touching the great transition for- 
mation, whicli covers the north side of the Car- 
pathian mountains. 
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The country round the Baltic, bounded by a 
line running easterly to the Hartz, through Si- 
lesia, along the Carpathian mountains to the 
Crimea, and north by St. Petersburgh, including 
Denmark, part of Russia, Prussia, Finland, Swe- 
den and Norway, is similar to llie east side of 
the river Mississippi in North America, inas- 
much, as it contains little or none of the basalt 
or newest floetz-trap formation; and very few 
warm springs, in proportion to the surface, have 
been yet found in eitiier of the countries above 
mentioned; though on the south side of that 
line in Hungary and Bohemia, the floetz-trap 
formation and hot springs are frequent; and 
in crossmg the stony mountains on the west 
side of Noiih America, between the sources of 
the Missouri 2Uid Columbia river, two very hot 
springs were found by Captain Lewis: tiie same 
mountains likewise contdn rocks of the newest 
floetz-trap formation. 

The shells and other remains of organized 
matter, have not yet been examined with that 
accuracy of discrimination necessary to form 
just conclusions. Those found on the south- 
east side of the primitive are almost exclusively 
contained in the alluvial, in which considerable 
banks of shells, mosfly bivalves, run parallel to 
the coast, imbedded frequenfly in a soft clay or 
mud resembling much that in which the living 
animal is now found on the sea shore, which 
makes the supposition probable, that they are 
of the same species. The shells found north- 
west of the primitive range, in the great secon- 
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dary formation, are in great abundance, and 
consist of various species of Terebratulse, En- 
crinites, Madripores, Caryophillites, Ammo- 
nites, Retipores, NummuMtes, ^c. most of 
which being washed out of the banks by the 
agitation of the water, are to be found in high 
preservatioa on the south side of Lake Erie, 
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CHAPTER II. 

Observations on the Geology of the United States 
of America^ in Explanation of the geological 
Map. 

Necessity dictates the adoption of some 
system, so far as respects the classification and 
arrangement of names. The Wemerian seems 
to be the most suitable, first, because it is the 
most perfect and extensive in its general out- 
lines — and secondly, the nature and relative si- 
tuation of the minerals in the United States, 
whilst they are certainly the most extensive of 
any field yet examined, may perhaps be found 
the most correct elucidation of the general ac- 
curacy of that theory, so far as respects the re- 
lative position of the different series of rocks. 

Without entering ijito any investigation of the 
origin, or first formation of the various sub- 
stances, the following nomenclature will be 
used, 

CLASS I. — Primitive Rocks. 

• SIENA BROWN. 

1. Granite, 

2. Gneiss, 

3. Mica Slate, 

4. Clay Slate, 

5. Primitive limestone, 
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6. Primitive Trap, 

7. Serpentine, 

8. Porphyry, 

9. Sienite, 

10. Topaz-rock, 

11. Quartz-rock, 

la. Primitive Flinty-slate, 

13. Primitive Gypsum, 

14. White-stone^ 



CLASS Il^TransUion Rocks. 

CARMINE. 



1. Transition Limestone, 

2. Transition Trap^ 

3. Grey Wacke, 

4. Transition Flinty-slate, 

5. Transition Gypsum. 



CUiSS in. — Flcetz or Secondary Rocks. 

UQHT BLUE. 

1. (dark blue) Old Red Sandstone, or 1st Sand- 
stone Formation, 
S. First or Oldest FloBtz-limestone, 

3. First or Oldest FlcBtz-gypsum, 

4. sd or Variegated Sandstone, 

5. 2d FloBtz-gypsum, 

6. 2d FlcBtz-limestone, 

7. 3d Flcetz-sandstone, 
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8. Rock-salt Formation, 

9. Chalk Formation, 

10. FlcBtz-trap Formation, 

11. Independent Coal Formation, 

12. Newest FlcBtz-trap Formation. 

CLASS ir.-'-^uvial Rockt. 

YELLOW. 

1. Peat, 

2. Sand and Gravel, 

3. Loam, 

4. Boglron-ore, 
6. Nagel-fluh, 

6. Calc-tUff, 

7. Calc-sinter. 

6R££N. 

AU the rock salt and gypsuvt hitherto found 
in the United States^ has been traced westward 
of this line. 

To the east of Hudson's river, the primitive 
class prevails, both in the mountsdns and in the 
low lands, decreasing gradually as it proceeds 
south; it is bounded on the side of the ocean 
by the vast tracts of alluvial formation which 
skirt the great granite ridge, while it serves as 
a foundation to that immense superstructure of 
transition and secondary rocks forming the great 
chain of mountains that occupy the interior of 
the continent to the westward. 
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6REEN. 

M the rock salt and gypsuf§, hitherto found 
in the United States^ has been traced westward 
of this line. 

To the east of Hudson's river, the primitive 
class prevails, both in Hie mountains and in the 
low lands, decreasing gradually as it proceeds 
south; it is bounded on the side of the ocean 
by the vast tracts of alluvial formation which 
skirt the great granite ridge, while it serves as 
a foundation to that immense superstructure of 
transition and secondary rocks forming the great 
chain of mountains that occupy the interior of 
the continent to the westward. 
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4. Boglron-ore, 
6. Nagel-fluh, 

6. CalctUff, 

7. Calc-sinter. 

6REEN. 

M the rock salt and gypsu^g, hitherto found 
in the United States^ has been traced westward 
of this line. 

To the east of Hudson's river, the primitive 
class prevails, both in the mountains and in the 
low lands, decreasing gradually as it proceeds 
south; it is bounded on the side of the ocean 
by the vast tracts of alluvial formation which 
skirt the great granite ridge, while it serves as 
a foundation to that immense superstructure of 
transition and secondary rocks forming the great 
chain of mountains^ that occupy the interior of 
the continent to the westward. 
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The primitive, to fte eastward of Hudson's 
river, constitutes the highest mountains, while 
the little transition and secondary that is found, 
occupy the low grounds. To the south of the 
Delaware, the prunitive is the first rock after 
the alluvial formation of the ocean — ^the lowest 
step of the stair which gradually rises through 
the different formations to the top of the Alle- 
ghany. 

To the eastward of the state of New York, 
the stratification runs nearly north and south, 
and generally dips to the east, looking up to 
the White HOls, the most elevated ground. In 
New York state, and to the southward and west- 
ward, the stratification runs nearly north-east 
and south-west, and still dips to the east. All 
the rivers east of the Delaware run nearly north 
and south, following the stratification, wMe the 
southern rivers incline to the south-east and 
north-west directions. 

Throughout the greatest part of the eastern 
and northern states, the sea washes the foot of 
the primitive rock; the deposition of that ex- 
tensive alluvial formation commences at 'Long 
island, increasing in breadth to the south, form*^ 
ing a great part of both the Carolinas and Geor- 
gia, and almost the whole of the two Floridas 
and lower Louisiana. The coincidence of the 
gulf stream, with all its attendant eddies, depo- 
sitions, ^c. rolling along this whole extent, fix)m 
the gulf of Mexico to Nantucket, may create 
speculative ideas on the origin of this vast al- 
luvial formation, while the constant sui»lx of 
caloric brought by that sweeping current fi*om 
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4}ie trpiHcs, may perhaps account for the sud- 
den and great diange in the temperature of the 
climate within the reach of the Atlantic. 

The great distance occuped by the same or 
similar substances in the direction of the strati- 
fication, must strike the observer; as in the pri- 
mitive rocks, the beds of primitive limestone and 
dolomite, contaiiiing in some t>laces chrystallized 
feldspar and tremolite, which are found alterna- 
ting with gneiss, for ten miles between Dover, 
state of New York, and Kent, state of Connec- 
ticut, appear forty miles north at Stockbridg^, 
Connecticut, and ei^ty miles south, between 
Sngsii^ and Kingsbridge, New York; where, 
after crossing the Huc^on river, and dipping 
under the trap and sandstone formation in New 
Jersey, they most probably reappear in the mar- 
ble quarries distant from twelve to fourteen 
miles north-west of Philadelphia — ^a range of 
nearly three hundred mUes. 

There is a bed of magnetic iron ore, from 
eight to twelve feet thick, wrought in Franco- 
nia, near tiie White Hills, New Hampshire; a 
similar bed in the direction of the stratification 
six miles nortii-east of Philipstown on the Hud- 
son river, and still following the direction of the 
stratification, the same ore occupies a bed near- 
ly of the same thickness at Ringwood, Mount 
Pleasant and Suckusanny in New Jersey, losing 
itself as it approaches the end of the primitive 
ridge near Blackwater; a range of nearly three 
hundred miles. 

httftances of the same, occur in the transition 
and secondary rock9; as the Blue Bii^e, jfrom 
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&e Hudson river to the Dan river, consists of 
rocks of much tiie same nature and included in 
the same formatbh. 

That no volcanic productions have yet been 
found east of the Mksissippi, is not the leaM of 
the many prominent features of distinction be- 
tween the geology of this country and that of 
Europe J and may perhaps be the reason why 
the Wemerian system so nearly accords witi 
the general structure and stratification of this 
continent. 

It is scarcely necessary to observe, that the 
country must be conadered of the nature of 
the first rock that is found in place, even should 
that rock be covered with tiiirty or foity feet of 
sand or gravel, oh the banks of rivers or in val- 
lieSif for example, the city of Philadel|Ma stands 
on primitive rock, though at the Centre Squs»*e, 
thirty or forty feet of sand and gravel must be 
penetrated, before the gneiss rock, which ascer- 
tains the formation, is found. 



ALLUVIAL CLASS. 

At the east end of Long island the alluvial be- 
^ns, occupying almost the whole of that island. 
Its north-western boundary is marked by a line 
passing near Amboy, Trenton, Philadelphia, Bal- 
timore, Washington, Fredericksburg, Richmond, 
and Petersburg in Virginia, a little to the west- 
ward of Halifax, Smithfield, Aversboro', and 
Parkersford on Pedee river, in North Carolina, 
west of Cambden, near Columbia, Augusta on 
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the Savaimah river, Rocky Landing on the Oco« 
nee river. Fort Hawkins on the Oc^ulgee river, 
Hawkinstown on Flint river, and running west a 
Kttle southerly across the Chatahouchee, Alaba- 
ma- and Tombigbee rivers, it joins the great al- 
luvial basin below the Natchez. 

The ocean marks the eastern and southern 
limits of this extensive alluvial formation; above 
the level of which it rises considerably in the 
southern states, and falls to near the level of the 
sea, as it approaches the north. 

Tide water in all the rivers from the Missis- 
sippi to the Roanoke, ends at a distance from 
thirty to one hundred and twenty miles of the 
western limits of the alluyial : from the Roanoke 
to the Delaware, the tide penetrates through the 
alluvial, and is only stopped by the primitive 
ridge. The Hudson is the only river in the 
United States, where the tide passes through tiie 
alluvial, primitive transition, and into the secon- 
dary; in all the northern and eastern rivers the 
tide runs a small distance into the primitive for- 
mation: here, as in the northern coasts of Eu- 
rope, litfle or no alluvial is found on the primi- 
tive coast. 

Through the whole of this alluvial formation 
considerable deposits of shells are found; also 
a bank of shell limestone beginning in North 
Carolina, parallel to, and withki the distance of 
from twenty to thirty miles of the edge of the 
primitive, through South Carolina, Georgia, and 
part of the Mississippi territory. In some places 
this bank is soft, with a large proportion of clay, 
in others hard, with a sufficiency of the calca- 
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redos matter to be btmit Ibr lime: lai-ge ftelcb 
of tfafe same formittion are found new cape Flct. 
lida, and extendiflg dome <fi3tance sikmg the 
coast of the h&j of He^co ; in some sltnsttions 
tide caleareous miHStfH of the s^d^ has been 
wt^lied «waf , and a depo£^ of sMceoud flinty in 
which they were imbedded, is left; formli^ a 
porous flinty rock, which is u«ed with advan- 
tage for n^stones. 

In the afiavial aS the Kew Jeisey, about ten 
to twenty foet a&der the Sitffacey there is a kiAd 
of ^eenish blue mail, which Ibey tise as ma- 
xaxK, in wUk^h ihey ^d i^e^, as the Ammo<- 
nite, Belemnite, Oruite, Cama^OBtrea, Terebra- 
tola, drci M(Mt of &ese shells^, are s^R^dtar td 
those found in the MmestOne and ^ey wadte 
of the fi*£Hialion, dnd equaHy renen^te iho^ 
found hi such abundance in tiie se«oMary Im- 
rizental limestoiie and sandstone; from wM^ 
it would follow, that the dilfisrent ckasai of 
rocks oa the continent caimot be cftstiaf^l^ 
by their shells, though the different strata^ ef 
the same class may be discovered aad< kiu$wtt 
by the aarangement of the shdte found in tmiAi. 

Considerable deposits of bog hrOD'Ore odcu^ 
the lower situations, and many of the nwre ele- 
vated and £vi£ng lidges between the live^ aat^ 
crowned with a sandstone arid pad(ttt^ton^ 
the cement of which is bog iron-(Nite. 

Qnanlities of odire, i^om Mght yettovf td 
dark brown, are found in abimdance In this^ for- 
mation, in flat horizontal beds, altema^g ^k1& 
other earths in some places, in others in Id(fal^'- 

I" 
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form masses, from the size of an egg to that of 
a man's head; in fonn, resembling much the 
ffint fomid frequently in chalk formations. 

So great an extent of alluvial, formed at pe- 
riods of time so distant, though at present and 
from all the examinations yet bestowed, it ap- 
pears to be the same formation, may at some 
future period and by future observations, be 
found to contain rocks similar to those of the 
secondary class; for instance, the whole or part 
of the greenish blue marl with shells, found in 
Jersey, both the Cai^olinas, and Greorgia, may 
in process of time become solid and compact, 
and would then under the denomination of shell 
limestone, enter into the secondary, as well as 
many of the sandstones and puddings; for a 
bank of sand or gravel, united by a filtration of 
water, which deposes either day or limestone 
as a cement, cannot be different from a like for- 
mation in the secondary. Even the early de- 
positions of lime by the evaporation of lime 
water, such as at Tivoli, near Rome, cannot in 
hand specimens be distinguished from compact 
limestone of the secondary class. It is proba- 
ble, that those immense masses of trees, accu- 
mulated on the banks of the Mississippi and 
other large rivers, may be covered by alluvial 
beds, of sand and day, which in process of time 
will consolidate into the coal measures of slate 
and sandstone, while the mass of wood will de- 
compose into beds of coal, and become, under 
the denomination of the coal formation, secon- 
dary rocks. 
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PRIMITIVE ClASS. 

The south-east limits of the great primitive 
formaMon are covered by the north-west bomi- 
dary of the alluvial formfation from near the 
Alabama river, in the MississipiH territory, to 
Long island, with two small exceptions ; th« 
first near Augusta on the Savannah river, and 
near Cambden in South Carolina, where a stra* 
turn of ti^ansition clay slate, (shist argUeux) in* 
tervenes; and from Trenton to Amboy, where 
flie oldest red sandstone formation covers the 
primitive along tiie edge of the alluvial. From 
Rhode Island along the coast by cape Cod, to 
the bay of Penobscot, the eastern edge of the 
primitive is bounded by the ocean. 

The north-western boundary of this exten- 
sive range, is marked by a line running fifteen 
to twenty miles east of Lake Champlain, twelve 
miles east of Mddlebury, state of Vermont, 
west of Bennington, twelve to fifteen miles east 
of Hudson^ along the westward of Stockbridge, 
twelve nules south-east of Poughkeepsie, skirt- 
ing the high lands; it crosses the Hudson river, 
at Phihpstown, by Sparta, about ten or fifteen 
miles east of Easton on the Delawai'e, and ter- 
minates in a point a few miles north of Bethle- 
hem, recovering fifteen miles west of Trenton; 
on Ihe south side of the river it passes about the 
same distance west of Philadelphia, eight miles 
east of Downingstown, ten miles east of Yoi4: 
by Petersburg, crosses the Susquehannah, twen- 
ly-two miles west of Wasdiingtop, and joins the 
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Blue Bidge, alpng the top of which is the di- 
viding line between the pdmitiye and transition 
to Magotty Gap, from thence to four nules east 
of the leai mineg at Auslinville, toA Mowing a 
8ouli^-w<Mtem ^ec(i(m, 1^ ibB Stony and Iron 
Siou^taina, m^ miles jUMitbHeast of ihe warm 
ppiin^ in BiUifiomb county, in North Carolma, 
$0 the eastward of Hi^ito^im on the Gousee 
rtyer; and » Uttle to tie westward of the Ta> 
lUpoogiee liver, it meets the alluvial near to the 
Alabama, which runs into the bay of Mexico. 

Igesides this range, there is a great mass of 
paimitive on the west side of lakb Ghamplain, 
bftviog that lake and I^e Geoi^ge for a boim. 
dary on the east, joming the primitive in Ca» 
pada to the north and north-west, and following 
a line from ^e Thousmd islands in St. Law- 
rence, running nearly parallel to the Mohawk, 
mM it meets Lake Geoige as a south-west li. 
put This primitive runs across the Mohawk 
at the I4tt)e FaUa, and near to Johnstown on 
the Mohawk, where it is covered by limestone; 
it occupies all the mountabioiis country, be- 
twem iMke Ch«tm]daiii, the St. Lawrenee, and 
Lake Ontario. 

In general, the strata of this primitive rock 
mns from a aorfii and south to a north^ieast 
^nd south-west direction, and dips generally to 
the sovt^-east at an sm^e of more thsoi 4d de- 
grees from the horizon,* tiie highest elevation 
is to\^trds ^e north-western Hm^ which gra- 
dually descend to the south-east, where it is 
covered by the afiuvial; and tiie greatest mass 
as well as the hi^^at mountains, are found t»k. 
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wards <Jie northern and soufliem extremities of 
the oortb^westem boumdwies. 

Tlhe outline of the moiurtains of this fonna. 
tion, generaUy eonsisti? of drcidar, waving, de» 
tadi^ maaseg, with itnmded flat tops, as the 
White EBBS to the north; or eowcaUy waving 
in emSX p^nrami^eeil top?, as the peaks of Ot* 
ter, and ^ nmges of bi^ to the south. Has 
the dimste any agency in the forms of the sumr 
nuts of the northern and southern mountains f 
Th^ height does not appev to exceed six 
thousand fi^t t^ve the level of the sea, ex* 
ccpt perhaps Ihe White Hills; it is even pro» 
^hJe that those mountains we not much hi^er. 

.Within the liimts prescribed to tJus primitive 
formation there is found tiie followmg excep, 
fion, viz. Covering part of this primitive there 
is a transition foimalion, whi<^ occupies aU 
Rhode Island (exc^ a smell part south of 
Newport) and runs firom Rhode Island to Bos.' 
ton from ten to iMfceen miles broad, and by the 
rounded transition pebbles, wMch cover part of 
ftie primitive, as well a$ the small patches left 
at Pembroke tovmship, and ten miles swrth*west 
of Newburyport, on Ae new tompfce, it is pro- 
baMe that at some fonner peiiod this transi- 
tion ha^ covered the primitive considerably east 
of Boston, perhaps as &r as cspt Cod, There 
is also a range of secondary, extendmg with 
some intervals, from the Connecticut to the 
Ri^pahannock rivers, in width generally from 
fifteen to twenty-flve miles ; boui)0ed on the 
north-east, at New Haven, by the sea, where it 
ends to recommence on the south side of Hud- 
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son river. From Elizabetiitown to Trenton it 
touches the alluvial: from a little above Morris* 
ville, on the Delaware, to Norristown, May- 
town on the Susquehannah, passing three miles 
west of York, Hanover, and one mile west ot 
Frederickstown: it is bounded, or rather ap- 
pears to cover a tongue of transition, which oc- 
cupies a progressively diminishing width, as far 
south as the Yadkin river, at Pelot's Mount. 

This secondary formation is. intercepted after 
it passes Frederickstown, but begins again be- 
tween Monocasy and Seneca cjreeks, the norths 
eastern boundaries crossing the Potomac by the 
west of Cartersville, touches the primitive near 
the Rappahannock, where it finishes. On the 
north-west side, it is bounded by the primitive, 
from some distance to the westward of Hart- 
ford, passing near Woodbury, and recommen- 
cing south of the Hudson, passing by Morris- 
town and Germantown, ^c. to the Delaware; 
after which it continues along the transition, by 
the east side of Reading, Grub's mines. Middle- 
town, Fairfield, to near the Potomac, and re- 
commencing at Noland's ferry, runs along the 
edge of the transition to the westward of Lees- 
burg, Haymarket, and the vicinity of the Rap- 
pahannock. 

All this secondary, appears to belong to the 
oldest red sandstone formation ;* though in 

^ The oldest i*ed sanflstone Family or formation in most 
places in Europe where I have seen it, such as on the south 
side of the Yof^es, the south of the Alps, Tjrolian and Bo- 
hemian mountains, the south side of the Pyrenees^ &c, con- 
sists of compact red sandstone^ schistose red sandstone^ and 
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some places about Leesburg, Readii^, ^c. the 
red sandstone only serves as cement to a pud- 
ding formed of transition limestone, and other 
transition pebbles, with some quartz pebbles, 
large beds of greenstone trap and wacke of dif- 
ferent kinds, which covers in many places this 
sandstone formation, and forms the small hills, 
or long ridges, that occur so frequently in it. 

The stratification in most places runs from an 
east and west to a north-east and south-west 
course, and dips generally to the norfli-west, at 
an angle most frequently under twenty-fiye de- 
grees from the horizon, covering both the pri- 
mitive and transition formation, at every place 
where their junction could be examined; and in 
some places, such as on the east side of the 
Hudson (where the action of the water had 
worn away the sandstone) the smooth water- 
worn primitive, was covered with large rolled 
masses of greenstone trap, to a consideraWe dis- 
tance; the hardness and solidity of which, had 
most probably survived the destruction of the 
sandstone formation. May not similar derange- 
ments be one of the causes of the broken and 
unconnected state of this formation? 

schistose blackish sandstone, coloured by carbon ; a bluisk 
schistose sandstone, running into wacke, compact wacke, 
schistose wacke, blue compact conchoidal limestone, seldom 
thicker than from six inches to a foot, small strata of two 
or three inches thick of jet, a pudding with the red sand- 
stone for cement, greenstone and hornblende trap in ridges, 
and salt and gypsum. It has thus been found in Europe as 
above stated. All the members of this family have been 
found alternating with each other in the United States, ex- 
cept the gypsum; and there appears little reason to doubt 
but that more accurate research will find this likewise. 
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Prehmte imd Zeolite are fmiad in the trap of 
this farmation ; md considerable deposits of mag- 
netic inm (Kre at Grub's mines, »e efiveloped, 
and have tlieiF circular layers intersected by 
^eenstone trs^; on a rklge of wMcb, this ex-^ 
tensive cluster of iron ore seems to be i^aced. 

Grey copper ore has been found in flie red 
sandstone formation, near Hiutford and' WasiN 
ington in Connecticut; there are fikewise mines 
in New Jersey, wtere copper pyrites and na- 
tive copi>er have been foioid. The metalBe 
vdns at Perkiomen creek, contakiing cofrper, 
pyrites^ U&nd md galena^ are in Hie same 1^- 
mation^ running neaily norfli and soutll across 
the e^st and weit (foecttoft cf tile red sandstone, 
and a small bed from a half to three inches 
tMck, of brown or red copper ore is inter^ 
spersed^ imd fc^ows tlie circular form of the 
i^on beds at Grub's mines. 

Besides tMs red sandstone formation, there 
is faiduded witibin tiie descrSMf Mi]^ of the 
piMnJtive, a bed of tnmsiticHi rocks^ running 
nearly south-west from the Delawkre to the 
Yadldn river, ^^pin^ generally to the south- 
east, twenty-five or mwe degrees from the ho* 
riKon; its width is from two to fifteen mileS| 
and it runs from the west of Morrisville to the 
east of Nonistown, passes Lancaster, Yoit, Ha- 
nover, Frederickstown, Bull-run mountain, Mil- 
ton, foot of Kg river, Marlinsville, and finishes 
near Mount Pilot, on the Yadkin river. Between 
the Delaware and Rappi^annock it is parfially 
covered by the red sandstone formation, and is 
in the form of a long wedge, ihb Mck end 
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touchmg Hie Delaware and the sharp end ter- 
minating at the Yadkin river. 

This range consists of beds of blue^ grey, red, 
and white small grained transition limestone, al- 
ternating with beds of grey wacke and grey 
wacke slate, quartzy granular rocks, and a great 
variety of transition rodts. Much of this lime- 
stone is intimately mixed with grey wacke slate, 
others containing so great a quantity of sniall 
grmned sand as to resemble the dolomite, and 
in many places considerable beds of fine grain- 
ed white marMe, fit for the statuary, occur. 

limespar runs in veins and detached masses 
through tiie whole of this Umestone formation; 
and both it and the grey wacke slate contain 
quantities of the cubic pyrites. Galena has 
likewise been found near Lancaster, and many 
veins of the sulj^at of barytes traverse this for- 
mation, which runs about twenty-five to thirty 
miles south-east, and nearly parallel to the great 
transition formation. 

A similar formation about fifteen mUes long, 
and two to three miles wide, occurs on. the 
north fork of Catawba river, running along 
linnviUe and John's mountain near to the Bhie 
Ridge; and a bed of transition rock, commen- 
cing on Greenpond mountain, New Jersey, runs 
through Suckusanny plains, increasing in width 
as the primitive range decreases, joining the 
great transition formation between Easton aad 
Reading. 

On tiie west sAde of this partial transition 
formation, fi'om the Potomac to the Catawba, 
between it and the great western transition 

G 
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range, a series of primitive rocks intervenes^ 
something different from the common primi- 
tive, having tiie structure of gneiss, with little 
mica, the scales detached and not contiguous, 
or much feldspar, rather granular than chrys- 
tailized; mica slate, with small quantities of 
scaly mica; clay slate„ rather soft and without 
lustre, the whole having a dull earthy fracture 
and gritty texture, partaking of transition and 
primitive, but not properly belongmg to either. 
This rock is always found on the edge of the 
primitive, before you come upon the transi- 
tion, but no where in such quantities as in this 
range. There is great variety in the appear- 
ance of this rock, an imitation of almost every 
species of the common primitive rocks, but dif- 
fering from them by having a dull earlhy frac- 
ture, gritty texture, and littie or no dirystalli- 
zation.* 

About ten or twelve mijes west of Richmond, 
Virginia^ there is an independent coal formation, 
twenty to twenty-five miles long, and about ten 
miles wide; it would not be far distant fix)m 

• ^ Tliis class of rocks differs from the primitive, in hav- 
ing a less brilliant and chrystalline fracture, but corres- 
ponds with it in the direction and almost vertical position 
of the stratification : it differs from the transition in not 
containing any of those aggregates, the component parts 
iwhereof have been evidentiy rounfled. by attrition, and in 
the circumstance of affording no remains of organic mat- 
ter, though many of the species of schist, taken separate- 
ly, have a great resemblance to some of tfie schistose 
rocl^s, included in the transition formation* In conformity 
to the Wernerian nomenclature, they are here classed witL 
the primitive, as not coming properly under any descrip- 
tion of rocks described as transition in that system. 
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ike range of the red sandstone formation had * 
it continued so far south; it is situated in an 
oblong basin, having the whitish freestone, slaty 
day, ^c. vn&i vegetable impressions, as weU as 
most of the other attendants of that formation. 
This basin lays upon and is surrounded by pri- 
mitive rocks. It is more than probaUe, tiiat 
witMn the limits of so large a mass of primk 
tive, other partial formatk)ns of secondary rocks 
may be found. ^ 

Granite in large masses foiimf but a smaQ 
part of this formation, and is found indifferent- 
ly on the tops of mountains and in the plains^ 
it is both large and si^all grained, is mixed oc* 
C£^ionally with hornblende and talc, and con- 
tains, as in Europe, roAnded masses* of a rock 
consisting of hornblende ^ and felctepar in smaQ 
grains, disseminated throu^ it; it generally di- 
vides vertically into rhomk)ids, and, except in 
some very small grained, there is no appear- 
ance of stratification, when found in low atua- 
tions, as in the interior of South CaroMna and 
Georgia. It is fi-equently so far decomposed 
as to have lost 1;he adhesicm of its particles, to 
the depth of thirty or forty feet bdow the sur- 
face ; each chrystal is in its place, and looks like 
solid granite, while you may take it up in hand- 
fids like sand and gravel. 

Gneiss extends perhaps over a half of this 
formation, and includes in a great many places 
beds fix)m three to three hundred feet thick, of 
a veiy large grained granite, which run in the 
same direction, and dip as the gneiss does; it 
is in those beds generally where the emerald, 
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phosphat of lime, tourmaline, garnet, cymopha- 
ne, octahedral iron ore, graphic granite, £^c. bj^ 
are found. These beds are mixed, and alternate 
occasionally in the same gneiss, with the primi- 
tive limestone, tlie beds of hornblende and horn- 
blende slate, serpentine, magnetic iron ore, and 
feldspar rocks. In some places this gneiss con- 
tains so much mica, as to run into mica slate; 
in others, large nodules of quartz or feldspar; in 
others, hornblende takes the place of the mica; 
in short, I Scarcely know any of the primitive 
rocks that may not occasionally be found in- 
cluded in the gneiss formation. 

It is therefore probable that geology must 
rest, more upon relative positions, than upon 
the constituent parts df rocks. For instance; 
the hornblende rocks which cover the red sand- 
stone, are in many places so chrystalline, as 
scarcely to be distiiguished in hand specimens 
from some of the homWende rocks whidi al- 
ternate with the gneiss ;^ it is tiie same with 
much of those small grained rocks of trappose 
forms, found in the primitive, compared with 
the transition trap or honri)lende rocks found 
in the transition; though the latter alternate 
with transition slate, or what is called roofing- 
slate, in which the remains of organic matter 
have been found. 

The rounded ^bules of feldspar and horn- 
blende found in the great masses of granite of 
the Alps, in Cornwall, and in this country, could 
not be distinguished, in hand specimens, from 
the sienite of Werner, though the one is placed 
in the Wemerian system as the oldest, and the 
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other among the newest, of the primitive rocks, 
all which proves the difficulty of establishing a 
line in the gradations of natore to {dace om* ar- 
tificial boundaries on; ai^ indicates the neces- 
si^ of first ascertaining the limits of the great 
divisions, before we attempt tiie specific and 
more minute, which would seem to require 
more accurate and extensive observations, than 
have as yet been made. 

There is a compact, rather dull fi*actured 
hornblende rock, generally found on the edge 
of the primitive, before meeting with the tran- 
sition, which is in many places mixed, with epi- 
dote, both compact and chrystaJline; as on tihe 
south side of Bhode Island, and along the Blue 
Bidge, in Vir^nia, ^c. b^c. This rock resem- 
bles the rock found in the harbour of Penzance 
in Cornwall, and not unlike the rock of the 
Lizard in England^ From its appearing here 
always on the edge of the primitive, it is pro- 
bably one of the last members of that class. 

No gypsum has yet been found in the primi- 
tive of tMs country; nor do I think it will be as- 
certained to have been in place, when alter- 
nating )vith the primitive in Europe, having ex- 
amined the gypsum near Mont St. Go&ard^ 
Mont Cenis, Coll de Tende, h^. f^c. In the 
Alps I found it always in transition, though in 
one or two places that trsmsition had slid down 
fi'dm the top of a neighbouring mountain into a 
valley of primitive rocks. 

Great varieties of mineral substances are 
found in the primitive formation, such as gar- 
nets in the granite and mica skte, from the 
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me of a jmi's head to the head of a diild, 
fitaurotide, andalusite, ejHdote in vast vaiieties 
and abundance, tremolite, aU the varilies of 
magnesian rocks, emerald, touching graphic gnu 
nite, and (fisseminated in the granite of a large 
extent of country, adulaiia, tourmaline, horn- 
blende, sulphat of barytes, arragonites, t^c. ^c. 

From the number aheady found in propor- 
tion to the little research that has yet been em- 
ployed, there is every reason to suppc^e, that 
in so great an extent of chrystalline formation, 
almost every mineral discovered in similar si- 
tuations on the ancient continent of Europe will 
be found on this. 

Metallic substances in the primitive, are ge- 
nerally extensive, Uke the formation itself. Iron 
pyrites runs through vast fields, principally of 
gneiss and mica slate ; magnetic iron ore, in 
povrerfiil beds fi-om ten to twelve feet thick, 
generally in a hornblende rock, occupies the 
highest elevations, as in Franconia, the High- 
lands of New York, the Jerseys, Yellow and 
Iron mountains in the west of North CaroSna. 
A black brown bed of hematitic iron ore in Con- 
necticut and New York states. Chiystals of oc- 
tahedral iron ore, (some of which have pola- 
rity) disseminated in granites, as at Brunswick, 
district of Maine, and in many varieties of the 
magnesian genus; hlack lead in beds, from six 
to twelve feet wide, traversing the states of New 
York, Jersey, Virginia, Carolina, 8p. ; native and 
grey copper ore, near StanardsviQe, and Ni- 
diolson's Gap, Vii^nia^ disseminated in a hom- 
blen(k and epidote rock, bbrdering on the ifan-- 
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sition; molybdena at Brunswick (Maine), Ches* 
ter (Pennsylvania), Virginia, North Carolina, 
ijc. ; * arsenical pyrites in large quantities in the 
district of Maine ; red oxyd of zinc and mag. 
netic iron ore in a powerful bed on the edge of 
the primitive, near Sparta in New Jersey^ hav- 
ing a large grained marble, with nigrin or sili- 
co-calcareous litfmium imbedded in it on one 
side, and homMende rock on the other. This 
bed contains likewise large quantities of blende. 
Detached pieces of gold have been found in the 
beds of some small streams in Cabarro county. 
North Carolina, and other places, apparently in 
a quartz rock. Manganese has been found in 
New York, North Carolina, %c. ^c. Near the 
confines of the red sandstone and prirnitive for- 
mation, a white ore of cobalt has been wrought 
above Middletown on the Connecticut river, and 
found also, as is said, near Morristown in New 
Jersey. 

The general nature of metallic repositories 
in this formation, appears to be in beds, disse^ 
minated, or in laying masses ; when m beds (as 
the magnetic iron ore and black lead) or dis- 
seminated (as the iron pyrites, octahedral iron 
ore, molybdena, ^c. ^c.) they occur at intervals 
through the whole range of the formation. Veins 
to any great extent have not yet been discover- 
ed in tMs formation. 

TRANSITION CLASS. 

Tliis extensive field of* taransitiioii rocks is 
limited on the soMih-east side from a little to 
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the eastward of Lake Ghamplam to near the 
river Alabama, by the north-west boundary pre- 
scribed to the primitive rocks. On the north- 
west side it touches the south-east edge of the 
gi*eat secondary formation, in a line that passes 
considerably to the westwainl of the ridge which 
divides the eastern and western waters in Geor* 
gia, North Carolina, and part of Virginia, and 
runs near it in the northern part of that state 
imd in the states of Pennsylvania and New 
Jersey. 

This line of demarcation runs between the 
Alabama and Tombigbee river, to the westward 
of the north foi^ of tiie Holstein, tiU it joins the 
Alleghany mountains, near the sulphur sprii^ 
along that dividing ridge to Bedford county in 
Pennsylvania, and from thence north-east to 
Fort Ann, near Lake Champlain^ and follows 
the east side of that lake to Canada: the sepa- 
ration of the transition and secondary is not so 
regularly and distinctiy traced as in the other 
formation; many large vallies are formed of 
horizontal secondary limestone, full of shells, 
while the ridges on each side consist of transi- 
tion rocks. ' The two formations interlock and 
arc mixed in many places, so as to require 
much time and attention to reduce them to the 
regular and proper limits. It is however pro- 
bable, that to the north-west of the line here 
described, littie or no transition will be fouijd, 
although to the south-east of it, partial forma- 
tions of secondary may occur. 

The transition formation is generaHy broad- 
est where the primitive is sairowest, and vice 
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versa; and runs from twenty to one hundred 
miles broad : the stratification runs from a north 
and south to a north-east and south-west direc- 
tion, dipping generally to the north-west, at an 
angle in most places under forty-five degreed 
from tiie horizon. On the edge of the jHimi- 
tive it deviates in some places from this ge- 
neral rule, and dips for a short diatance to tiie 
south-east: the most elevated ground is on the 
conltnes of North Carolina and Georgia, along 
the south-east limits to Magotty Gap, descend- 
ing towards the north-west until it meets the se- 
condary; from Magotty Gap, north-easterly, the 
highest ground is on the north-west side, sloping 
gradually towards the primitive, which ranges 
along its south-eastern boundary. 

T%e outline of the mountains of this forma- 
tion is almost a straight line, with few interrup- 
tions^ bounding long parallel ridges of nearly 
the same hei^t, declining gentiy towards the 
side, where the stratification dips from the ho- 
rizon, and more precipitous on the opposite 
side, where the edge of the stratum breaks out 
to the day. 

This formation is composed of the following 
rocks; viz. a small grained transition limestone, 
of all the shades of colour from a white to a 
dark blue, and in some places intimately mix- 
ed with strata of grey wacke slate; limespar in 
veins and disseminated; in many places an in- 
termixture of small grained particles, so as to 
put on the appearance of a sandstone, with ex- 
cess of lime cement. This occurs in beds fix)m 
fifiy to five thousand feet in widtii, alternating 
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mik grey wac&e and grey wacke slate. Near 
the borders of tbe primitive is found a siliceons^ 
aggregate, having particles of a light blue co- 
lour, from the size of a pin's head to an egg^ 
disseminated in some places in a cement of a 
slaly texture, and in otiiers in a quartzose ce- 
ment; a fine sandstone cemented ynXti quartz 
m large masses, often of a slaty structure, mih 
small detached scales of mica intervening ; a 
rock not &r from the borders of the primitive, 
putaking both of the porphyry and the grey 
wacke, having both feldspar chrystals and 
rounded pebbles in it, ivith a cement of a kind 
of dull chlorite slate in excess; anotiier, though 
rarer, with pebbles and feldspar chyrstak in a 
cpmpact petrosiliceous cement, and a great va*. 
riety of other rocks, which, from their compo- 
sition and intuation, cannot be classed but with 
the transition. 

The limestone, grey wacke, and grey wacke 
date, generally occupy the vallies, and the 
quartzy aggregates the ridges; amongst which 
is what is called the country burr stcme or 
mill stone gritt, which must not be confoimded 
with another rock, likewise denominated mill 
stone gritt, which is a small grained granite, 
with much quartz, found in the primitive for*^ 
mation. There are many and extensive caves 
in Ae limestone of this formation, where the 
bones of various animals are found. 

Be(b of Cbalblende, or anthracite, accompa* 
nied by alum slate and black dialk, have been 
^ifiscovered in this formation, on Rhode Island, 
Hie Lefai^ and Susquehannah rivers ; and a 
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hatgid body of alum slate on Jackson's liver, 
^%^nia; many powerful rdns of the sulphat 
of baiytes cross it in different places; granular, 
as that near Flncastle, or slaty, as that in ftiUp 
comb county, North Carolina. 

Iron and lead have as yet been the prindpal 
metals found in this formation; ^e lead in tiie 
form of galena, in dusters, or what the Qer- 
mans call Stockwerk, as at the lead mines on 
New river, Wyeth county, VirgUaa; Ihe iron 
disseminated in pyrites, hemafitic taxd m^netic 
iron; or in beds; and conskleraUe quantities of 
the spany iron, ore in beds, and disseminated in 
the limestone. 

TMs dass of rodcs, occupymi; the space bCi* 
tween the primitive and seconcbiry, is periiaps 
the first tiiat ou^ to be studied mA the limhs 
fixed; as a knowledge once acquired of what 
rocks are transition, tiiere can be no diffictdty 
in distinguishing the secondary at One «id and 
the primitive touching the. other. 

Ail nature in her imperceptible gradatiom 
firom one species of rock to another, has not 
left any marked or distmct limits, on w^cb^ to 
place tiie artificial boundaries of tiie dififerent 
classes, it is not easy to fix with certainty the 
kind of rocks, at which the one dass ought to 
begm, and the other finish; and it is probable 
tiiat a long series of exact observations win be 
necessary to determine with accuracy that Ux» 
of sepaiution. 

It is probable, that between the secfmdaiy 
and tranintion class, the horizontal slratificaiUm 
of tile secondary will ccmstitate tiie ttroogieit 
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and best defined line of separation; every stra* 
turn of rocks that is horizontal, or nearly so in 
its original situation, will be secondary; and 
those which are found near it, not chrystalline 
or primitive, having a regular dip or declination 
from the horizon, will naturally fall into the 
transition class. It is under this idea that the 
dark blue colour on llie map has been used for 
the oldest red sandstone, while the light blue 
has been the mark of the secondary, because I 
have generally found the oldest red sandstone 
dipping or declining from the horizon at a re- 
gidar angle though small ; and at the same time 
having few organic remains;. which agrees wiA 
the general characters of the transition: whSst 
in relative position on the sides of many of the 
range of mountains it assumes the place of the 
transition. 

The line between the primitive and transition 
may perhaps be marked by the presence or ab- 
sence of organic remains — or of aggregates of 
rounded particles, the result of former decom- 
position— in part, by the more or less chrystal- 
Une tesrture — and its approach towards depo- 
sition. 

SECONDARY CLASS. 

Tne south-east limit of this extensive for- 
mation is bounded by the irregular border of 
the transition, fi'om between the Alabama and 
Tombigbee rivers to Fort Aim near Lake Cham- 
plain. On the north-west side it follows th^ 
shores of the great lakes, and loses itself in the 
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alluvial of the gi^eat basin of the Mis^sippi; 
occupying a surface from two hundred to five 
hundred miles in breadth, and extending proba- 
bly on llie west side of the Mississippi to the 
foot of the Stony mountains. 

This horizontal limestone and slate, skirt 
Lake Champlain about Ticonderoga and Crown 
Point, and for some considerlable distance down 
the east side of the lake; seldom extending 
above half a mile from the edge of the water; 
containing some shells and flints, as on Lake 
Erie, and appears to be the same formation as 
on Lake Erie. Its greatest elevation is on the 
south-east boundary, from which it falls down 
almost imperceptibly to the north-west, arid 
mingles with the alluvial of the Mississippi, 
having an outline of motlntains, straight and 
regular. A boundary of long and parallel ranges 
of a gradually diminishing height as they ap- 
proach to the north-west Emits ; a stratification 
almost perfectly horizontal, waving with the in- 
equalities of the surface, distinguishes this from 
the two preceding formations. 

Immense beds of secondary limestone, of all 
the shades from a light blue to a black, inter- 
cepted in some places by extensive tracts of 
sandstone and other secondary aggregates, ap- 
pears to constitute the foundation of this for- 
mation, on which reposes the great and valua- 
ble coal formation, which extends from the 
head waters of the Ohio in Pennsylvania, with 
some interruption, all the way to the waters of 
the Tombigbee, accompanied by the usual at- 
tendants, slaty clay and freestone, with vegeta- 
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ble impressions, f^. ; but in no instance that I 
have seen or heard of, covered by, or alter- 
nating with any rock, resembling basalt; or in- 
deed any of those called the newest floetz trap 
formation. 

The limestone of this formation contains irre- 
gular pieces in nodules and bands, of a kind of 
black flint (like what is called chert in England) 
scattered in all forms and (Erections, often re- 
sembling in colour the limestone, in which case 
it is wi^ difficulty they oui be distinguished; 
they abound on the bai]Jcs of Lake Erie, on the 
bai^ of St. Lawrence, where it runs from Lake 
Erie, and generally through the whde stratifi- 
cation of limestone. 

Along the south-east boundaries not far from 
the transition, a rock* salt and gypsum formation 
has been found. On the north fork of Holstein, 
not far from Abingdon, Virgmia, and on the 
same line south-west fi*om that, in Greene coun- 
ty and Pigeon river, state of Tennessee, it is 
said quantities of gypsum have been discover- 
ed; from which, and the quantities of salt licks 
and salt springs found in tiie si^me range, so 
&r north as Lq^e Oneida, there is some proba- 
Ulity that this formation is upon the same great 
scale that almost all the other formations have 
been found on this continent; at least rational 
imalogy suj^rls the supposition; and we may 
hope one day to find an abundance of those 
two most usefrd substances, which are generally 
found mixed or near each other in all countries 
that have hitherto been carefiilly examined. 
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At Lewistown, ten miles below tt^e falls of M< 
agara, the old red sandstone appears from under 
the limestone and other strata over which the 
fiiUs roll; the same makes its i^peiutmce near 
the Salines in the Genesee country, which would 
give some probability to the coiigecturc;, that the 
old red sandstone is the foundation of all this 
horizontal formation, and may perhaps be at* 
tached to some series of rocks laying on the 
primitive, on the north side of the lake. 

Metallic substances, hitherto found in this for* 
mation, are iron pyrites, dissemintfted both in 
the coal and limestone; iron ores, condsting 
principally of brown, sparry and clay iron stone 
in beds; galena, but whether in beds- or veins 
is not ascertained* The large deposits of galena 
at St. Louis on the Mississippi, hm^ been de* 
scribed as detached pieces, found covered by 
the alluvial of the rivers, and of course, not in 
place. All the large specimens I have seen 
were rolled masses, which rather confirms the 
opinion, that they were not found in their ori* 
^tal situation. 

09 the Great Kanhawa, near the mouth of Elk 
river, there is a lai^e mass of black (I suppose 
vegetaWe) earth, so soft as to be penetrated by 
a pole ten or twelve feet deep; out of the- hole 
so made, frequently issues a stream of hydrogen 
gas, which will burn for some time; and in the 
vidnity of this place there are constant streams 
of that gas, which, it is said, when once lighted 
will bum for several weeks. Cluery, if a care, 
fill examination of this place would not throw 
some light on the formation of coal and other 
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combustible substances found in such abunditnce 
in this formation? 

Large detached masses of granite are found 
laying on this formation from Harmony to Erie, 
and from thence by the Genesee country to Fort 
Ann; though in many places no granite of this 
kind is found in placte nearer than two hundred 
miles at the falls of the Mohawk^ or perhaps 
on the noiih side of the lakes. 

From near Kingston on Lake Ontario to some 
distance below Quebec, the country is princi- 
pally primitive, and from all the information I 
could collect, that great mass of continent lay- 
ing to the north of the 46th degree of latitude 
for a considerable distance to the west consists 
mostly of the same formation: from which it is 
probable, that on this continent, as well as in 
Europe and Asia, the northern re^ons are prin- 
cipally occupied by the primitive formation. 

The foregoing observations are the results of 
many former excursions in the United States, 
and the knowledge lately acquired, by crossing 
the dividing line of the principal formations in 
twenty.five or thirty different places, from the 
Hudson to* Flint river; as well as from intel- 
ligent men, whose situation and experience 
made the nature of the place, near which they 
lived, familiar to them; nor has the information 
that could be acquired from specimen^ where 
the locality was accurately marked, or the re- 
marks of judicious travellers, been neglected. 

Notwithstanding the various sources of infor- 
mation, much of tihe accuracy of Ihe outlines of 
separation between the formations must depend 
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on rational analogy; for instance;, between Ma- 
gotty and Rock-fish Gaps, a distance of upwai'ds 
of sixty niiles, I found in six different places 
that were examined that the summit of the Blue 
Ridge divided the primitive and the transition 
formation. I concluded of course, that in places 
where I had not examined (or which from, their 
nature could not be examined) that tiie Blue 
Ridge, fi'om Magotty to Rock-fish Gap, was the 
boundary of the two formations. 

In adopting the nomenclature of Werner, I 
do not mean to enter into the origin or first 
formation of the different substances, nor into 
the nature and properties of the agents that 
may have subsequentiy tnodified and changed 
the appearance and form of those substances. 
I am equally ignorant of the relative periods of 
time, in which those modifications and changes 
may have taken place. These speculations are 
beyond my range, and pass the limits of my in- 
quiries. All that I mean by a formation^ is, a 
mass of substances (whether adhesive, as rocks, 
or separated as sand and gravel) uniform and 
similar in their structure and relative position, 
occupying extensive ranges with few or no in- 
terruptions of the rocks belonging to another 
series, class, or formation; and when such par- 
tial mixture apparentiy takes place, a careful 
examination will seldom fail to explain the phe- 
nomenon, without injuring the general princi- 
pie, or making it a serious exception to the 
rule. 

In the account of the metals and minerals, it 
is not intended to give a list of the number, 
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extent, and ridies of the metallic and mmnal 
i^positories; the nature of the ore or mineral, 
"mill a description of its relative position in re- 
gard to the smromiding substances, is the prin« 
cipal object of geology, ^whidi cannot be under- 
stood by microscopic investigations or tiie mi- 
nute analysis of insulated rocks and detadied 
masses; it would be like the portrait painter 
dwelling on the accidental pimple of a fine &ce ; 
the geologist must endeavour to note ^e great 
and permanent outlines of nature, and get ac- 
quainted with her general laws, rather thui 
study her accidental deviations, or magnify the 
number and extent of the supposed excep^ons 
which must frequently cease to be sudi when 
accurately examined. 
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CHAPTER in. 

Hints on the Decomposition of Rocks^ with an 
Inquiry into the probable Effects they may 
produce on the Nature and Fertility (f Sknls. 

Rocks in their natural hard and compact 
state afford little or no nourishment to vegeta- 
bles; it is only in their state of decomposition 
and dissolution, that they become useful or ne- 
cessary to the growth of plants. 

The greatest part of the substances which 
constitute most soils, proceecfing inmiediately 
from the decompoation of the rocks surround- 
ing or laying under them, it follows of course 
that those soils Bdust be materially affected by 
the nature and quality of those rocks: first, by 
the peculiar mode of their decomposition and 
dissqlution into earth or liquid?, and secondly by 
the nature and qualities of those earths and li- 
quids in the formation of soils, and as food for 
vegetables. We shall now con»kler their mode 
of decompositioi^. 

1st.— The mode of decomposition by disso- 
lution in wp,ter, as limestone and gypsum. 

Sdly. — ^Rocks, which though not soluUe in 
water, yet contau) something which facilitates 
the solution of earths, as allies, ^c. such as 
feldspar, mipa, volcanic rocks, ^c. 

3(fly.— Rocks which decompose into smaU, 
minute particles, such as argillaceous slate, 
hornblende, talc, and serpentine. 
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4tMy* — ^Rocks which decompose only by tri- 
turation, such as flints, quartz, ^c. and those 
which contain siliceous matter as a compo- 
nent part of theu' aggregates, such as gnoiite, 
gneiss, ^c. 

It has been generally supposed that vegeta- 
bles cannot absorb any earth in a solid state, 
and that solution was necessary to render any 
substance fit for the food of plants. Those 
earths, therefore, that remain in a solid state, 
and are indissoluble by the common fluids, 
most probably act only as a medium throu^ 
which the plant may receive the proper pro- 
portion of the two great causes of vegetable 
growth, heat and moisture ; two fluids, positive- 
ly necessary for the support of vegetaWe as 
weU as animal life, neither of which could exist 
without a certain quantity of heat and mois- 
ture. This is proved by the total sterility of 
the polar regions and the tops of high moun- 
tains fix)m the deficiency of heat, and of the de- 
serts of Arabia, Afiica, *jc» fi-om the absence of 
moisture. 

Earths, as a medium through which the plants 
may be supplied with their necessary quantity 
of fluids, may act in various ways; first, as a 
soil easily reduced by tillage into a moveable 
mass offering the least possible resistance to 
the roots of plants, when in search of their 
food, and at the same time facilitating the cir- 
culation of such fluids as are indispensible to 
their growth, as absorbents of heat and mois- 
ture. Earths as well as rocks, differ greatly 
in their capability of receiving more or lei^s of 
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^ose necessary ikiids, because they vary in their 
property of retaining one or both of them, for a 
longer or shorter time. 

Earths as weU as rocks may injm-e materially 
the fertility of the soil, by allowing one or both 
those fluids to filter through them, thereby de- 
priving the plant of its necessary portion. In the 
same manner, rocks as a su'b-stratum may be 
useful or beneficial to the plants which grow 
on the surface, by their greater or less capacity 
of retaining the necessary fluids, as Fabroni has 
shewn. 

It may be proper to mention here, that the 
effect either of rocks in their compact state as 
rocks, or in their decomposed state as earths, 
forming the soil, is the only subject of these 
hints or observations ; and that all artificial or 
accidental additions of animal or vegetable mat- 
ter in a decomposed state, must be considered 
as exceptions of the general results. Whether 
these decomposftions of vegetable or animal 
matter have been* scattered over the surface by 
the annual fall of the leaves of the forest, and 
decay of animal or vegetable matter — or whe- 
ther the floods of rivers have covered the lower 
^ound with their fertilizing vegetable mud— or 
whether the industry and ingenuity of man has 
9trewed it over the soil as manure — ^the results 
of all such additions must be considered as fo- 
reign to the present subject, excepting inas- 
much as the properties of the original soil may 
conduce to retain and prolong the advantages 
of this adventitious cause of fertility. 

When a farmer clears the land of the United 
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States under the trees, he finds a stratum of 
black vegetable mould, more or less thick in 
proportion to the ori^al properties of the soil, 
the time that the trees have been drqppong their 
manure upon it, and the declivity whidi ob- 
stracts or facilitates its washing away; for this 
mould is lighter than water, and runs off rapid- 
ly fi-om the sides of hills, and seldom or ever 
lays long on the steep descents of mountains. 

While this bed of vegetable mould remains, 
the labour of the farmer is rewarded by ridj 
and abundant crops ; for when he sows and 
. reaps fi-om such a soil, four or five years be- 
fore he exhausts it, he not only expends as 
many years' natural productions, but he con- 
sumes as many hundred or perhaps thousand 
years' accumulation of natural manure, which 
would require a very long time for the common 
operations of production and decomposition to 
replace. 

It is therefore the peculiar ibterest of all far- 
mers in America, tx) be sparing of this natural 
manure, and to make it last as long as they 
can, which may perhaps be best effected by pre* 
venting as much as possible its washing away 
with the rain,* a much greater proportion run- 

'^ The qaantum of vegetable mould in a soil has been 
considered as a criterion of its richness. To ascertain it« a 
chemist dries perfectly a given quantity and weighs it ; after 
which iie exposes it to a red heat^ and weighs the residue ; 
the difference between the two weights is considered as the 
quantity of vegetable matter lost by combustion^ and of 
course the measure in a great degree of its fertility. 

Where this vegetable mould Is not more than three to 
four inches tbick^ perhaps ploughing it in like stable ma- 
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mag off with the water than is ccmsumed by 
tiie production of the vegetables raised on it 

While ttiis vegetiy[>le mould is in sufficient 
quantities on fb& surface^ the lands are more or 
less fertile, independent of the nature of the 
earth on which it lays; it is when that coat of 
manure is gone, and tiie land worn out by con* 
stant cropping,* that the soil shews its fertility, 
as depen<fing on the nature Qf ihe rock of the 
country, and spedes of earth co* loam, resulting 
from their decompoi^on. It is at that time 
tliat the difference between a granite and lime« 
stone soil appears, and where any one can see 
the effects, though few ever thiii of inquiring 
into the cause ; yet it is evident that the washing 
and decomposition of a granite soQ, can only 
afford sand mixed with a small proportion of 
sand or day, firom the mode in which the rocks 
divide in their process of decompo^tion; luid 
even this smdl quantity is liable to filter through 
tiie interstices left in the a^regates of gravel, 
by the form of their dirystalline particles.. 

The limestone, on the contrary, by its easy 
solution and fadlity of decomposition,^ fiuni^es 



nure, by pbaghing a little deeper ffiigbt be one means of 
keeping it from washing ; as this process woald coyer it with 
a part of the soil, which from its weight would not be so 
easily washed away, 

* A great deal of tlie soil east of the Alleghany moan* 
tains does not produce now much more, than one half it did 
when first cleared, which is probably one of the causes why 
the surplus produce of the United States for exportation is 
not now greater, if so great, as it was twenty years ago, 
Chough the quantity of land under culture, as well as the 
population that tills it, is almost double. 
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to the exhausted soil, with every rain, a quan- 
tity of food, fitted by solution for vegetable ab- 
sorption, as well as a great quantity of mould 
divided and triturated into impalpable powder, 
which forms an excellent pabulum through 
which the vegetable can receive the other 
fluids necessary for its growth. Meantime this 
mould forms a retentive base or soil, which 
prevents the filtration of the smaller particles, 
and even retains the water in its pores, so as 
to ^ve it out by regular evaporation to the sur- 
face, when necessary for the increase and sup- 
port of the plants that may be sown on the 
land. 

Beside the division of rocks into those which 
dissolve in and easily mix with water, as their 
mode of decomposing, and those which are in- 
soluble in water, this last species of rocks are 
divided by their mode of decomposition into 
chrystalline, and deposition rocks ; because 
when changing fi'om the solid rock into earth 
or soil, they follow a different process which 
produces different effects. 

First, the chrystalline rocks are composed of 
an aggregation of chrystals of various substances 
interwoven and adhering together by the laws 
of attraction. .Such rocks generally begin to de- 
compose by a disunion of flie different chrystals, 
and a destruction of their adhesion; then they 
fall into a mass of angular particles like a bed 
of gravel, and form a filter, through which all 
fluids pass more or less rapidly in proportion to 
the size of the chrystals; after which, each 
chrystal, according to its nature, begins its de- 
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composition hy throwing off an exceeding thin 
pellicle from its smface, and this continues sea- 
Kng off until it is totally reduced; all those thin 
scales falling into the banks of angtdar parti- 
des, are generally washed by the water and 
filter through it; so that the residue consists of 
a mass of such substances as do not deconipose 
easily but by trituration, and forms a granular 
bed' of sand or gravel according to the size of 
the particles. 

Rocks of deposition/ consisting of particles 
more or less minutf, arising from the decom- 
position of other rocks, when aggregated into a 
mass and fixed either by a cement or by jux- 
taposition, are subjected to laws of decomposi- 
tion different from other rocks ; for when the 
adhesion of their paiticles is destroyed, they 
fall immediately into a state of earth more or 
less pervjous to fluids, according to the nature 
of the particles; which being tiie result of a 
former decomposition are minute, and when 
pressed together by their own weight, form a 
mass which does not permit the fluids to pass 
in such quantities as to carry along with them 
the finest particles, and of course are not sub- 
ject to wash away by filtration, like the remains 
of chrystalline rocks, though perhaps more easi- 
ly carried off by the water from the steep sides 
of the hills. '>^ 

All rocks which cfivide in the trappose form 
into parallelopipeds, not by chrystallization, but 
by shrinking or retraction from the loss of heat 
or moisture, fall into considerable square masses, 
and decompose by first losing their comers and 
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approaching the round fonn, comrtitiitiBftg a part 
of &e rounded pebbles found ih our fieUte; 
which are not rounkd bjr a^tibti of water or 
any other caisse of moTcment, but by the ge^ 
jneral mode of deeompo^tion of homogeneoui 
rockjs. 

It may perhaps be considered u a general 
principle that the fiuiher the agents of decom« 
positicm can penetrate into rocka, insoluble in 
water, the greater will be Ihe quantity that &ey 
will decompose inagiyentime; and ^e quicker 
that decomposition into minute partides is ef- 
fected, the smdler will be the quantity washed 
away by the rains, and of ccnirse thci necessary 
thickness of the soil for the production of ye- 
getables will accumulate more rapidly; th&s must 
depend on the hardness and compactness of the 
rock, and all rocks of the slaty or ftie schistose 
form must be more easoly reduced |nto soil, 
Iban those in a sodid mass. 

Rocks of eiBf deconq[>ositi(te into minute par- 
ticles, accumulate a thickness of soil sufficient 
to prerent the ffltratioii of any stnall partides 
that may be added to it, and form a bottom ca- 
pable c^ holding what it obtains; on the con- 
Iwiy, rock» which in Ac first stage of decom- 
position Mi into granular peces of an an^ap 
form, leavmg spaces throu^ which all minute 
particles (produced by the slow decomposite^ 
of hard or chrystaSine rocks) li^ filter along 
with the water, form no bottom or foundation 
for the ae(iumula1ioii of soil fit for vegetable 
production^ but remaiii dry and steril; it is only 
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<m die lo^Tiner ground of sncfa coiustiies that scA 
Can accumulate. 

To*1iie foregoing general prindples of Ihe de- 
ec^nposdticm of rocks, &em iidll be many excep. 
tions when compared with actual results, arMng 
from load pbservatkm and ejiperience; and 
those exceptions will be in proportion to qur 
defidencgr in <iie knowledge of the various 
modes of working which nature . employs, and 
mxr igneirance of the variety and nature of the 
new mJxfiires aUd com^KMrnds formed by aH 
changes resulting from a natural process* 

Gract aitowanee must Mkewise be made for 
the action of water; for examine, a river rises 
in a secondary cowitry^ and aft^ traversing 
tiirough limei^ne and other seeondaiy rock$ 
some hundreds of mSes, it flows throu^ 9 pri- 
mitive country, carrying with it all the gravel 
and mud it has collected; it follows of course, 
fliat seals, formed of such depositions, thou^ 
in a piimidve country, must partake of thc^ pro* 
perties and feiiMity i£ a secondary soil, as the 
decompcmtion of limestone gravd, giving off a 
cwA of decomposed Mmestone every year, wffl 
keep up the soil; on the contrary, rivers ran* 
ning throii^ secondary countiie?, after having 
long flowed over primitive, wiH carry along with 
them primitive sand and gravel that wi)l par- 
take of the i^operties of {»imitive soils, thou^ 
formed in secondary countries* 

After examining some of the effects that 
would most probaMy l)e jM'oduced on the soil 
by the decomposition of tiie different classes ef 
rocks, we sliaH endeavour to apply the princi* 
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pies to the scrils of the United States, in refe- 
rence to liie accompanying map. 

The primttive, or chrystalline class, is not fa- 
vourable to the forming of soil fit for vege- 
tation. . 

ist. It has no remains either of vegetable or 
animal matter. 

sdly. It is slow to decompose, and easily 
washed away. 

3dly. It is generally situated on higher eleva- 
tions, owing in some degree to its (fifficult and 
slow decomposition. 

4thly. There is litfle or no calcareous earth 
in the primitive; the strata found occasionaUy 
in the gneiss, mica slate, £^c. are seldom more 
than from twenty to one hundred feet in thick- 
ness, and do not affect much the surrounding 
soils. 

5thly..The particles of chrystals are so mi- 
nute and so compactly j^ced by the laws of 
affinity, that they absorb litfle or no moisture. 

6thly. For the same reason th6y are perhaps 
bad absorbers and still worse retainers of heat; 
which may be one cause why primitive soils 
are so cold. 

7tMy. They have no gypsmn in them, and 
very litfle of any other rock, soluble in water. 

Sthly. They have no carbon or any species 
of coal in their stratification, though coeds are 
ofl:en found in the secondary t^asuis they en- 
close. 

The first primitive rock is the granite, which 
is a granular aggregate of chrystals, decom- 
posing into a gravelly mass: this rock jwo- 
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ceeding slowly through the other stages of de- 
composition, is liable to run off through the 
filter, of wash down the declivity. 

Gneiss^ fix)m its fissile structure and addi- 
tional quantity of mica, is of easier decomposi- 
tion, not quite so easily washed, and forms a 
soil a little more argillaceous. 

Mica slate has still more argil in it, and de- 
composes more rapidly. 

Clay slate in general forms a tough strong 
soil, and retains the little it receives. 

The accidental beds of limestone, hornblende, 
and serpentine, found in the three last men- 
tioned rocks, are so small and partial, as not 
to affect the general nature of the soil, thou^ 
their almost perpendicular position brings the 
edges of all the stratifications of the above men- 
tioned rocks to the surface, and thereby renders 
a mixture of their component parts almost a 
cei-tain consequence of their decomposition. 
This is one advantage the primitive has in com- 
mon with the transitions, as it is more than pro- 
bable that such a mixture would form a better 
soil tha,n the decomposition of any one of the 
different strata, if isolated by. being in a hori- 
zontal position ; for this would confine the for- 
mation of soil to the decomposition of the up- 
permost stratum. 

The hornblende rocks, either compact or 
l^laty, ofl;en have small particles of pyrites scat- 
tered through them, which hastens decomposi- 
tion into fine red mould, perhaps the best soil 
of all the primitive rocks. 

Serpentine, as well as the greatest part of 
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tte nagneeiaii gemis, thou^ decomposifigeasi'' 
ly ml^ a stiff day, is nevertheless unfiiendly to 
vegetation ; perha^ from tiie soil being so sb-ong 
and adhesive as to prevent the vegetable roots 
from penetrating; in that case, sand might be a 
good manure. 

Whether it is from the elevation in height, 
rigour of chmate, or from the various other de- 
fects before mentioned, it may be safely laid 
dovm as % general position, that iStit primitive k 
covered with a soil less productive than the 
other dasses of rocks, and serves as a founda- 
tion for much of the steril regions of the north, 
as well as the bunmig sands of ^^ deserts. 

The rivers of this dass roll over precipiceSn 
and rocky beds full of obstructions, scarcely s^ 
mitting any continued navigation. So, when the 
primitive touches lh^ ocean, it fonns what is 
calied a bold shore with perpen(ficular preci- 
pices, deep water, and harbours free from bankB, 
or any other obstructions from the alluvial class. 

Alnindance of fiiie sprii^ of clear good wa^ 
ter, more free from all the impurities of foreign 
substances than in any other of the classes, are 
found in this class of rocks; which at the same 
time are generally healthy and favom^f^e to 
human existence. 

Quartz in small chrystaOine partides bctog 
a constituent part of dbis class, k k of 'CovLWb 
from the decomposition and n^Uite ^tiidiiMofi 
of this quartz by the action of c^iireBts of water 
or w^, that we obtaem the greatest pM ^^our 
siliceous sand. Great masses of rocks, in l*oB^ 
iog, fonn an impalps^e powder, kit do not 
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foim fiand. It is this dase ^t maybe sup- 
posed to furnish the materials for the fonnatiioii 
of all the aggregates of the three following 
dasses, except p^haps the limestone, and the 
remains of vegetaUe and animal matter. 

TRAN^TION CLASS. 

The greatest part of the rocks of this class 
deconi^ose into soils fevouraUe to vegetation. 

1st. They are composed of partides, pre- 
yiously the residt of the decomposition of other 
i^ks; and are more easily and n^ndly turned 
into soil. 

sdly. They contain some remains of regetai^ 
]t)le and animal matter. 

: acjBy. With a few exceptions of those that are 
dear ihe primitive, they consist either of lime- 
stone, or of rocks that have some quantity of 
lime in then* composition. 
. 4thly. They contain large beds of gypsum. 

Sthly. Being aggregates of minute rounded 
particles, they permit the absorption of heat; 
and not being good conductors, are useM in 
retaining it. 

fttiily. They id)sorb mdsture and retain it. 

yfldy. They are subject, thou^ in a less de- 
gfee^ tD one disadvantage attending the primi- 
tive^ jthat is, they occupy hi^ and troken coun- 
tries. 

S&HLy, This diaas holds considerable masses 
<^ anthradte, boA oOier rodcs containing carbpn. 

The sandstone of the transition dass^ is diffi- 
cult to decompose^ and consisttng for the most 
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J)art of silex, niake3 a light gravelly sofl; the 
greatest part of the rolled pebbles in tlie allu- 
vionof this class, are sandstone. 

Two kinds of aggregates are found in this 
class, one haying a base of a greenish slate, 
with chrystals of feldspar and rolled pebbles, 
and another consisting of rounded masses of a 
light blue quartz, in a fibrous cement; both of 
these are near the primitive, and partake of its 
qualities, that is, decompose slowly into a sand 
or gravel. 

Grey wacke decomposes likewise into a sand 
or gravel; but the cement, consisting of clay and 
lime, forms a considerable part, and ma^es a 
tolerable soil. 

Grey wacke slate of all kinds, consisting of 
«mall rounded particles, imbedded in a consi- 
derable quantity of clay mixed with lime, and 
generally alternating with strata of limestone, 
from one inch to one hundred feet thick, de- 
composes into a fine lOam, favourable for vege- 
tation. 

Limestone, which is found in large and ex- 
tensive fields in the ti^ansition class, is likewise 
favourable to the formation of a good soil; but 
is subject to the inconvenience of forming caves, 
and allowing much of the water which faHs on 
the surface, to filter through, and form little 
streams under the surface, which deprives the 
soil of its netessary moisture. This is some- 
times prevented by the alternation of ihe grey 
wacke slate, which stops the circulation and 
throws the water out to the surface. Hence it 
as probable, that the alternation of the ^ey 
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n^ltcke slate with Hie limestone, will form a more 
productive soil, than when the limestone is in 
V great masses and extensive fields. 

This class generally covers the primitive, and 
is often found on the flanks of steep mountains, 
of course liable to wash, and leave the rocl^s 
bare of soil; but When it is found in low and 
level situations, it decomposes into a mould 
easily wrought and favourable to vegetation. 

Bdng in tlie vicinity of mountaipous and 
.broken countries, the rivers run through it ra- 
pidly; it is therefore |infavourable to navigation. 

The water is tolerable, but not so pure as 
that of the primitive class, holding often a small 
quantity of lime or salt in solution ; but it is 
much purer than the limestone water of the 
secondary dass, tiie limestone of which dis- 
Solves in water more easily and in much greater 
quantities. 

This class, placed between the prinutive and 
secondary, partakes of the properties of both. 
It has the advantage of consisting of rocks form- 
ed by the aggregation of particles the result of 
former decompositions, like the secondary; and 
resembles a little the primitive in its situation 
and constant declination fi-om the horizon. This 
regular dip or declination fi-om the horizon, 
throws the edges of all the strata on the sur- 
face, which ^ves to the soil formed by their de- 
composition the benefit of a mixture, which ho- 
rizontal strata cannot produce; for example, a 
country composed of transition slate, limestone 
and sandstone, alternating in strata of fit)m one 
foot to one hundred feet thick, in a state of 4e- 
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composition, forms a soil, which consists of a 
mixture of the component parts of all the three 
species of rocks. This wfll most probably be 
sl^)e^ior for vegetation to any sofl formed en- 
tirely of the decomposed particles of any one 
of the rocks, as would be the case, if they were 
in a horizontal position; it is therefore proba- 
ble, that the nature of the soil is more varied, 
and does not continue for any great distance ex- 
actly similar, as is found in the extent of bar- 
ren sand, found both in the secondary and al- 
luvial, owing perhaps to their horizontal po- 
sition, 

SECONDARY, OR HORIZONTAL CLASS, 

This class has many properties fiivourable 
to the growth of vegetables. 

1st. It is horizontal, or nearly so; forms large 
level plains; and drops down by plates or em- 
bankments, seldom. or never precipitous, like 
the two last classes. 

Sdly. It consists of aggi'egations of particles, 
the result of former decompositions ; soft and 
easily reduced into mould. 

3dly. It contains the remains of vegetable 
and animal matter in abundance. 

4thly. It has much limestone strata, and rocks 
containing a considerable proportion of lime. 

Sthly. It contains large beds of gypsum and 
salt. 

6thly. Coals are principally found in this class, 
as well as many compound rocks containing 
carbon. 
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7thly. Being aggregates of minute rounded 
particles, not so compact as the transition, they 
have more interstices for the reception and re- 
tention of heat. 

8thly. For the same reason, they absorb and 
retain moisture. 

The oldest red sandstone is one of the prin- 
cipai members of this class, and partakes a litfle 
of the properties of the transition, in having a 
much greater proportion of cement, consisting 
of line clay mixed with the oxyd of iron, end 
forms a good soil ; the other swidstones, united 
by the infiltration of water with a small propor- 
tion of cement, decompose into sand, and form 
a dry baiTcn soil. 

limestone, alternating with a slaty clay mixed 
\vith carbon, forms an excellent loam and good 
soil. Limestone by itself, in large fields, is like- 
wise favourable to a good soil, when it does 
not run into caves and under-ground dramings, 
which deprives the surface of its necessary 
moisture. 

Chalk decomposes into good soil, when level ; 
but is apt to wash, and leave only a thin soil, 
when in hiDs or steep declivities. 

Sand and salt are perhaps the least favourable 
to vegetation of all the substances of this class ; 
and when joined together in a warm climate, 
form barren deserts. Where the salt water 
runs under the sand, and is stopped by some 
stratum from going further, it has a constant 
tendency to mount to the siuface, either by ca- 
pillary or some other attraction. Arrived at the 
surface, the water is evaporated, and the salt 
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left on the sand, frequenfly preventing all vege* 
tation, and at best producing coarse and had 
grass. 

Gypsum has as yet only been found in Ifa^ 
United States in this class, thoiigh in time it is 
possible that great quantities ivHl h6 found, as 
in Europe, in the transition. 

The properties of gypsum as a manure, are 
too well known to the farmeiis of the United 
States, by an extensive and profitable applica- 
tion, to require any elucidation. Why so smaU 
a quantity, as a bushel to the acre, should pro- 
duce such astonishing fertility, has been a rtiat- 
ter of controversy. Some are of opinion that 
it acts as a stimulant, others that it attracts the 
moisture of the atmosphere, ^c; but I should 
be rather inclined to tMhk, that it owes its fer* 
tilizing power to its solubility in water, the same 
quantity of water dissolving more of this rock 
than any other. 

Vegetables cannot absorb any substance, un^ 
less it be in a state of complete solution; but 
the quantity of earthy matter found in vegeta- 
bles is exceedingly smaQ; it would therefore 
follow, that should that small quantity of earthy 
matter be presented to the mouths of ttie' ve- 
getable absorbents in a complete state of solu- 
tion, they would take up as much as was ne- 
cessary for the future developement of the plaiit, 
and would only require afterwards the free ac^ 
cess of the fluids of heat and moisture, which 
iDontribute so much to vegetable growlh and 
production. Now this quantity of earthy sub- 
stances, is furnished by the small quantity of 
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the powdered gypsum thrown over Hit plant, 
which dissolving by flie first rain or even dew, 
cSarries what is necessaary to &e moutiis of the 
slbsorbents, and in tiiis manner supplies the plant 
with all flie earthy particles necessary for its fu- 
ture growth. 

There are two negative proofe in &voiu* of 
Ais supposition; first, that gypsum when feunrt:, 
loses the greatest part of its fertiMzing powers, 
and at the same tune is deprived of its proper- 
ty of easy solution; whereas limestone, when 
burnt, is of easy solution in water, and forms 
good manure, but in its natural state is not so 
easily dissolved in water, nor is it nearly so good 
for vegetable production; in berth cases their 
utility as a manure appears in the direct ratio 
of their solubility in water. 

The same theory is eonftrmed by the lime- 
stone land, being more favourable to the growth 
of Vegetables, tiian soils produced by ti[ie de- 
composition of siliceous clay rocks; and per- 
haps for the same reason, that i», the solubility 
of limestone, which, though a better manure 
when burned, because more soluble in water 
than in its natural state, yet even in its state of 
limestone rock, it is more soluble in water than 
those rocks composed of siliceous or argilla- 
ceous earths. 

It may perhaps be found that artificial com- 
posts, used as mantire, derive part of their fer- 
tilizing qualities fi'om the salt and alkalies they 
contain, having the properties of fadlttating the 
dissolution of the different earths, and reducing 
them to a state of liquidity, capable of being 
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absorbed by the vegetable as food, and of course 
accelerating its future growth. 

The doctrine of stimulantB mky perhaps be 
applied to vegetaWe as well as animal hfe; but 
even in animals their common food is the prin- 
cipal stimulant they take, and it is probable that 
stimulant without nourishment is only applied 
in a diseased state, and when often applied to a 
healthy subject, will create a state of disease 
that will require a continuance of then' irritating 
effects. 

The supposition, that the gypsumi acts as the 
healthy stimulant of the food of animals, both 
as a stimulant and nourishment to the vegeta- 
ble, is perhaps carrying the analogy of animal 
and vegetable life as far as our present know- 
ledge of the nature of both will admit. 

As all substances used as manure for land, 
are bulky, and cannot bear the expense of land 
carriage any distance, the advantage of an easy 
river navigation is inappreciable to agricultural 
pursuits; this advantage is one of the most va- 
luable attached to the secondary class of rocks, 
which from their horizontal position and small 
elevation, permit thQ rivers to run slowly over 
deep and unobstructed beds nearly from their 
sources to the ocean; so that all the small ra- 
mifications of the inferior streams can trans- 
port limestone, coal, gypsum, ^c. to the door 
of every farm house, and carry away his sur- 
plus produce to market on easy terms. 

TWs horizontal position, by allowing only one 
of the strata to appear, is the cause of large 
tracts of country being covered with the same 
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Rind of soil, the result of the decomposition of 
the same kind of rocks. Nothing but lowering 
or raising the level to the fidl thickness of the 
strata can change it; which is unfortunate where 
a sandstone is at the surface, decomposing into 
vast re^ons of sand ; which, if it had been 
mixed with the strata of slaty clay, that might 
perhaps be found Under it, would form good 
soil. This class of rocks falls or rises by pla- 
teaus, with large fields of table land, in general 
having a soil very different from each other, 
because they are formed from the decomposi- 
tion of rocks of a very different nature. 

Springs of water are of very different quali- 
ties in this class of rocks, depending on the na- 
ture of the strata through which they filter. 
Those which pass through sandstone, have the 
best chance of being purest; slaty clay, and all 
those argillaceous rocks that accompany coals, 
are often saturated with the neutral salts of cop- 
peras or alum, the result of the decomposition 
of pyrites whidi they often contain, or of com- 
mon salt. The Umestone of this class is so 
easily dissolved in water, that the greatest part 
of flie water that traverses the lime^one of it, 
is fully impregnated with lime, and deranges 
materially the bowels of strangers for the first 
day or two that they drink it This is so fre- ^ 
quent ^ quality attending the limestone in a ho- 
rizontal position, or secondary limestone, tliat 
it may perhaps be considered as one of the cha- 
racteristic properties, by which to distinguish it 
from the limestone of the primitive or transi- 
tioQ class. 
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ALLUVIAL CLASS. 

Iliis (dass OQi^ists of every thii^ that is wash- 
ed from all the other classes and deposited in 
beds, either from the waves of the sea, or of 
lakes, the cnrrents of rivers, of winds, £jc. 

It possesses the advantage of bemg nearly 
level, and not subject to wash. 

When deposed by the action of rapid numing 
livers, it is generally sand and gravel and poor 
soil; but where slow running rivers overflow 
their banks, they for the most part le»ve a rich 
vegetable mould, making a fertile soil. 

The sea most usually agitated, leaves sand or 
gravel on its shores, which is likewise the case 
with the great lakes; this seldom fcnms a good 
soil. 

In thk class we find ihe greatest quantity of 
marshy soil, rich in vegetaUe production, but 
difficult to drain, on account of its low and un- 
healthy situation. 

Marie is one the best ^positions for making 
good soil, and is generally found in alluvial si- 
tuations by the sediment of rivers that have run 
through limestone countries. The gravel de- 
posited by rivers, which run throu^ a limestone 
country, decomposes into good soil,, and may be 
called a limestone soil; but the depositions of 
sand and gravel, from rivers running through 
primitive countries, partake of tiie qualities 0f 
primitive rocks, an(i form but a dry^ l^t soil. 

£;x1;eiisive frikiins of sand are often found in 
the alluvial formed by the sea; these fr^squ^t- 
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\y change place by the wind, an^ form a series 
of small lidlls, covering in many places large 
tracts of low country, which it renders barren 
* and unfit for production. 

Inland navigation in this class is extensive 
atid conmiodious, the rivers running slowly and 
smoothly over deep beds, renders them navi- 
gable to near their sources. The navigation 
from the Caspian sea to the Baltic, by the Wol- 
ga and the Neva, carries boats upwards of one 
hundred tons burthen, with only one canal of 
about a mile long to join the two rivers, there 
being only four feet difference of level between 
them; all which long navigation, is through al- 
luvial for the greatest part of the distance. That 
junction of the waters of the Black sea and the 
Baltic, by river navigation across Poland, is like- 
wise through an alluvial country. The internal 
navigation of alluvial countries is generally 
good ; but where the alluvial forms a sea coast, 
the harbours and bays are difficult and danger- 
ous, obstructed with sand banks and shoals. 

From the nature of the aggregation of allu- 
vial materials, they generally consist of a con- 
siderable mixture of different substances, yet 
from its horizontahty, it sometimes contains ex- 
tensive tracts, covered with soil of the same or 
similar depositions, being the result of t^e same 
causes, such as the sand thrown up by the ac- 
tion of the waves of the sea, ^c. 

The alluvial of small vaUies, situated in broken 
and mountainous countries, has a much better 
chance of being rich and fertile than of large val- 
lies in level countries; because in proportion to 
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the extent of the surface, they receive the wash- 
ings of a mucli'greater extent of soil, than those 
large vallies in level countries can possibly re- 
ceive from surfaces whose horizontal position 
prevents their washing. It is from this cause, 
that the few, small vallies, found in primilive 
countries, are so rich, and form so great a con- 
trast with the soil of the mountains. 



TRAP CLASS. 

This class, though exceedingly limited in ex- 
tent, generally lays over all the others, and oc- 
cupies the tops of hills. 

1st. It is of difficult decomposition, being 
hard and adhesive, but falling easily into trap- 
pose pieces. 

ad. It is capable of absorbing and retaining 
moisture, resembling, in a small degree lava, 
being ftdl of very small interstices. 

3d. It is equally capable of absorbing and re^ 
taining heat. 

4th. Being a partial and scattered class, it is 
mixed, and covers aU the rocks of the other 
classes, and of course, in the formation of soil, 
partakes of their quality. 

The basalt of this class decomposes slowly^ 
but forms a good soil, where it does not wash. 
The wacke and porphyries decompose into 
strong clay soil, capable of retaining the ma- 
nure put into it, and in low situations form a 
tolerable soil. 

TujSa, and other loose aggi'egates of this 
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dass, partake of the nature of volcamc rocks 
when decomposed, and form excellent soUs^ 



VOLCANIC CLASS. 

This is a -partial, uregular, and variegated 
class, and has many properties highly favom*-^ 
able to vegetation In its decomposed state. 

1st. From its origin it generally occupies ele- 
vated situations. 

2d. It contains from oncrtwentieth to one- 
tepith of alkali, which favours its decomposition, 
and perhaps its dissolution. 

3d. TTiough hard, and often chrystalline, yet 
it is in some places full of pores, and in general 
has innumerable small interstices, which botii 
absorb and retain moisture. 

4th. For the above reason it both absorbs 
and retams heat. 

Lava, when compact and approaching the vi- 
trifi^d slate, is exceedingly slow of decomposi- 
tion; but when decomposed in low places, it 
forms a rich sofl; the fuller it is of pores, the 
more easily it decomposes, and of course makes 
the soil deeper and more productive. 

All kinds of volcanic ashes, with aU kinds 
of tuffas, form fine rich mould, and in a short 
time equal in thickness the bed of ashes or 
tuffa ; the fertility of such a soil is inexhaus- 
tible. 

From the foregoing investigation it may per- 
haps be concluded, as a general result, that the 
oftener rocks have undergone decomposition 
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and trituration into minute particles, the more 
fit they are to produce and support vegetables; 
and the more frequently they have been moved 
from one place to another, by the agents of 
decomposition, the more plain and level is the 
situation they are left in : after every change^ 
this may be traced from the primitive throi^ 
the transition and secondary to the alluvkd; the 
surface of the decomposition, after such change, 
becoming less steep and precipitous, approach- 
ing nearer and nearer to a level, fit for the re- 
ception and retention of aU i&atter, both fluid and 
soUd, capable of assisting vegetable growth.* 

To the above general result, the trap and 
volcanic, or what some would call the •old and 
new volcanic formations, are exceptions as to 
situation ; being thrown from an opening in the 
surface, the matter ejected must accumulate 
round the mouth of the crater and its vicinity; 
and the oftener it is remitted and ejected, the 
higher will most probably be the mountains it 
fonns, and of course less fit for the production 
of soil and situation favourable to the growth 
of plants; this is one of the striking contrasts 
between tiie Neptimian operations and the vol- 

* In aid of nature's operations to reduce the particles 
of earth to a state more fit for vegetable production, comes 
the industry and ingenuity of man, by digging, ploughingy 
harrowing, and manuring; they much accelerate the pro- 
gress of ameliorating the earth's surface, and thus accom- 
plish in a few years of labour judiciously applied, what 
nature would require many centuries to effect by opera- 
tions of her general laws. 

The perfection of all the arts, therefore, only prepares 
the means of a more rapid and certain progi*ess towards 
perfection, and who can fix the limits where it shall stop ? 
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caoic, that are daily gmng on under our eyes; 
rains and rivers wash down ihe mountains into 
the plains, while fire heaps up the plains into 
high and precipitous mountains. 

Considering that the action of fire is but par- 
tial, and the action of* water constant and gene- 
ral, the prospect into fiiturity is consoling and 
cheerMj^ that the earth is every day moulding 
down inta a form more capable of producing 
and increasing vegetable matter, the food of 
animals, and consequently progressing towards 
a state of amelioration and accumulation of 
those materials, of which the moderate and ra. 
tional enjoyment constitutes great part of our 
comfort ami happiness. On the surface of such 
an extensive and perpetual progression, let us 
hope that mankind will not, nay cannot, remain 
stationary. 

Oh looking back to the probable past, with- 
out going so far as to interfere with any of the 
present general laws of nature, it may occur, 
• that before all this alluvial, secondary or tran- 
sition had been rolled about, pounded up and 
mixed by the rains and rivers, united with the 
various operations of vegetable and animal pro- 
duction, the state of thfe earth most probably 
was different, when the first lichen began to ac 
celerate the progress of decomposition on the 
surface of the fij^t rock. 
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CHAPTER IV. 

The probable Effects^ which the Decomposition 
of the various Classes of Bodts may have on 
the Nature and Fertility (f the 5W& of the 
different States ofJSTorth America^ in reference 
to the accompanying geological Map. 

It may be necessary again to say^ that these 
observations *re only adapted to the earfliy part 
of soils, and are not applicable to soils where 
the operations of nature in coveting the sur&ce 
with the. decomposition of vegetable and animal 
matter, or the industry of man in putting ma- 
nure, has mixed the soil with a considerable 
quantity of vegetable mould. Such soils are 
productive so long as the vegetable mould re- 
mains. The earth formed by the decomposi- 
tion of the rocks, or the rocks in their original 
state, are only accessory to the production of 
this mould, in proportion to their quality of 
producing a more or less quantity of vegeta- 
Wes, and their property of retaining the vege- 
table mould a greater or less period of time. 

Over the extended surfaces which one class 
of rocks covers, some considerable exceptions 
to general rules must be expected; such as re- 
mains, or partial patches of a different class of ^ 
rocks, overlaying the general stratification, and 
producing effects on the soil, conformable to 
the properties of the class they belong to. An 
example of this on a large scale is to be found 
in the Redlands, which crosses Virginia in the 
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direction of the ifireen mountains, and pene- 
trates considerably into Norlli Carolina. These 
lands, though resting in many places upon a pri- 
mitive formation, cfiiBei' from the generality of 
primitive soils; Ihey contain little or no sand, 
fell into impalpable powder, and I believe hold 
a small porticm of Ihne; if there should be an 
extensive mass of hornblende rocks intimately 
mixed with pyrites, the decomposition of such a 
mi^ui'e mi^t perhaps produce a similar soil, 
but such a circumstance rarely happens. It is 
therefore more probable, that this extensive bed 
is the remains of a transition formation, part of 
which still runs near it and under it, from Hie 
Delaware to the Yadkin. . Although at present 
this formation is by no means so broad and ex- 
tensive as the red soil, yet it mi^t formerly 
have been competent to produce an alluvial of 
that extent. The red soil, and this narrow bed 
of transition, running in the same direction and 
always together, though the red soil covers a 
much greater surface at present, renders the 
supposition the most probable that it is the de- 
composition of a bed of transition limestone 
and grey wacke, that formerly covered a much 
greater surface than it may now do ; or it may 
be perhaps a continuation of the red sandstone, 
which be^s at Connecticut river, and finishes 
near the Rappahannock, with some few inter- 
ruptions; or it may be a bed of alluvial, trans- 
ported from a great distance by the movement 
of waters that have long since ceased to act. 
As the transition stnita accompany it through 
its whole course, the most rational conjecture 
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is, that it is the decomposition of a transition bed 
formerly more extensive than at present. In 
this manner many partial beds of a different 
class form patches over a general formation, 
produdng soils that to a superficial observer 
might become a great exception to the general 
principle, though when accurately examined, 
only tend to confirm and support the general 
rule. 

By reference to the accompanying geological 
map it will be seen, that the four New England 
states consist mostly of the primitive class of 
rocks, except in two places; the one from the 
boundary line between Vermont and Massa- 
chusetts, on the Connecticut rivet, south of Mid- 
dletown, and from thence to New Haven, in 
breadth from fifteen to twenty-five miles, com- 
posed of the oldest red sandstone formation. 

The second exception is the greatest part of 
Rhode Island, and from thence to Boston, where 
about fifteen miles broad of the primitive is co- 
vered by the transition class or formation, and 
from the remains of a few patches of transition 
to the east and north-east of Boston, with the 
beds of transition pebbles found on the primi- 
tive. In that direction it is more than probable 
that the transition has extended, at some former 
period, much farther to the north-east. 

To the west the New England states, in- 
eluding the district of Madne, are bounded by a 
range of high and rugged mountains, where the 
vallies are very narrow, and surrounded by steep 
and rocky barJcs. Many of those valUes are fer- 
tile, being the repositories of the washings of 
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a great surface of mountain ; but the sides of the 
hUls and mountains are bare, and retain little or 
no soil. Where the mica slate^ clay slate, horn*, 
blende and primitive limestone prevail, the soil 
will most probably be more adhesive, accumu- 
late quicker, and form a thicker bed. Where 
granite, gndss, quartz, and other siliceous rocks 
prevail, &e soil wUl most probably be light and 
^lin. 

From the mountains to the westward Ihe 
country declines gradually to the sea coast^ 
where there are but few hills; yet the surface 
is rugged and broken, obstructed in many places 
by large blocks of rocks, chiefly granite, heaped 
on the surface of a soil, irather sandy and light, 
which is tolerable the first four or five years 
after it is deared of wood, but would require 
manure afterwards to make it productive. 

A proper proportion of heat and moisture is 
requisite for the production of all plants, but 
the grasses require more especially moisture. 
It would appear that the New En^and states 
are best fitted for a grazing country, and mois- 
,ture becomes more necessary for such a coun- 
try, than for a wheat or hidian com country. 
ITie clearing away the woods, fevours the ac- 
cumulation of heat in the earth, but decreases 
the quantity of vapour, that in passing would 
be condensed into rain. It would therefore 
seem to be prudent in such countries, not to 
dear more land than is positively necessary, 
and on no account to cut down the trees that 
crown the tops of the.hiUs and mountains ; for 
by baling theur tops, the summer temperature 

N 
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will be so much increased, that the clouds will 
pass over tliem without condensing, and the ef- 
fects wliicli are "produced in the islands of the 
West Indies, by cutting away the woods, will 
lake phice on this continent, though not in so 
great a degree. 

Between Rhode Island and Boston, the tran- 
sition will most probably be covered with a soil 
rather fertile, where the grey wacke schist and 
limestone prevail; and only tolerable, where the 
grey wacke with large pebbles is fomid, but on 
the whole, better than tiie upland of any primi- 
tive soil. 

The oldest red sandstone on the Connecti- 
cut river, when level, which it generally is, 
ought to produce a good soil where it is co- 
vered with' ridges of greenstone trap ; but a 
gradually thin soil, where the irregular declivi- 
ties and trappose division of the rock, prevents 
the accumulation of earth sufficientiy quick to 
form a permanent soil. 

The sea coast, is, agreeably to the general 
character of the primitive class, litfle obstructed 
by banks or shoals^ and the harbours are open^ 
large and commocfious, of easy access, with 
plenty of water, and safe; but tiie intenml na- 
vigation by the rivers is exceedingly bad, fidl 
of rocks and rapids, difficult to remove; while 
the hard and adhesive nature of the rock, is a 
great hindrance to the cutting of canals. 

Where the oldest red sandstone occupies the 
banks of the Connecticut river, from the fron- 
tiers of Vermont to below Mddletown, the na- 
vigation is tokrable, approaching a little to the 
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advantages generally attending that class of 
rocks; but further up the river, in Vermont 
or New Hampshire, where the river runs over 
primitive rocks, the falls and rapids are both 
greater, and occur more frequently. 

Vermont lays to the westward of the New 
England states, and occupies part of that range 
of mountains, running north and south in the 
direction of the stratification, nearly twenty to 
thirty miles from Lake Ghamplain, and parallel 
to it. Two classes of rocks occupy the whole 
state; the transition which extends along Lake 
« Ghamplain, and is about twenty-five miles broad, 
where the primitive begins, and continues till it 
joins the frontiers of New England. 

In the transition, the soil will most probably 
be good, where the land is level and composed 
of grey wacke schist and limestone; the siji- 
ceous members of the transition class occupy, 
ing in general the mountains, will most proba- 
bly be thin and sandy, though in level places 
the soil may be tolerable, owing to the declina- 
tion from tiie horizon mixing the alternating 
strata. 

The primitive, which forms the east side of 
the state, is princ^)ally composed of mica and 
clay slate, which may form a compact and strong 
soil in the vallies; the sides of the mountains 
will most probably be thin and light soil, not 
sufficiently thick to produce much vegetation. 

Through the whole of this state, as well as 
the New England states, ^the range of the moun- 
tains runs from north to south, and of course 
all the vallies of any consequence follow the 
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same direction; open to the north and north- 
west winds, they are equafly exposed to the 
south and south-west, taking immediately the 
temperature of those two contrary currents of 
air. Vallies thus situated, are subject to have 
a very hot summer and cold winter, and also to 
the great evil of a vaciUatiDg spring and autumn, 
where heat and cold alternate so quickly, as to 
injure materially all vegetables, but more parti- 
cularly those of foreign origin, which is the case 
with most of the plants that are cultivated in the 
United States. 

To the south-west of the titudson river this 
inequality of climate is moderated a little by 
the chain of mountains, as well as the principstl 
vallies, running south-east,* and consequently 

* The same diflTerence of climate is observable between 
Italy and Spain. In Italy the chain of the Apennines 
rans nearly north and south» leaving a free passage to the 
northerly winds to carry their temperature into all the 
great vallies ; but in Spain the Sierra Novada, and many 
of the ranges of mountains, like the Pyrenees, run from 
east to west, and protect all to the south of them, from the 
sudden variations of climate, which frequently occurs in 
Italy during the winter. Nice, for the same reason, is con- 
sidered to have the mildest winter of any place in the south 
of France, being under shelter of the Alps, which run to- 
wards the east on the north side, and screen the town from 
the northerly winds. Tokay produces what is called the 
finest wines in £urope, and is only a degree south of Po- 
land, where there is no species of wine ; it owes this to the 
chain of the Carpathian mountains, running east and west, 
and protecting Hungary from the rigour of the north 
winds. £ven the polar climate of the great plain of Tar- 
tary, may perhaps be owing to the ranges of mountains 
running towards the Frozen ocean, while the great val- 
lies, through which the rivers Obi, Lena, Tenisey, &c. mn 
their long rapid courses^ may serve as conductors of tb6 
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in some measure sheltered from the sudden 
changes produced by the north and north-west 
winds in spring and fall. 

All circulation of heavy and cumbersome ar- 
tides, such as are used for manurei, is exceed- 
ingly difficult in the interior of this state, as the 
rivers are full of falls and rapids; but Lake 
Champlain facilitates considerably the exporta- 
tion of their surplus produce; they also have 
the advantage of the tide navigation of the Hud- 
son, for taking their produce to market. 

The state of New York consists partly of al- 
luvial, and partly of piimitive, transition, and 
secondary rocks, and enjoys a tide navigation 
on the Hudson river, which penetrates tiu*ou^ 
the whole classes. 

Long island forms the alluvial part of the 
state, and has all the advantages of being a low 
level country, which is generally attached to 
this class. The west end of this island is part- 
ly made up of the alluvial, washed down by 
the Hudson fix)m a transition and secondary 
country, and may be considered as forming a 
soil favourable to vegetable production, where 
the action of the waves has not washed away 
the lightest and most productive part of it. 

temperature of the poles to their sources* and the same 
chains of mountains* which by running east and west* pro« 
tect Indostan from the northern blast* may equally pre- 
Tent Tartary and Siberia from enjoying the vivifying in- 
fluence of the southern breezes. It is probable* that much 
of the climate of all countries depends on the currents of 
air and water* and their direction is perhaps regulated by 
the mountains on shore* and the banks* and other obstruc- 
tions at seai 96 well as by periodical winds. 
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The east end of the island, formed principal* 
ly by the alluvial of the sea, joined to a propor- 
tion of alluvial furnished by rivers, such as the 
Connecticut, that run through the primitive, is 
most probably light and sandy, with extensive 
beds of gravel, too poor to produce a sufficient 
growth of trees or plants to enrich the soil; 
but enjoying the advantages of Sm even sur- 
fece, not liable to wash; and likewise the mo- 
derate and equal climate of a low island, sur- 
rounded by tile sea; hence it is capable of 
being made productive in pasture lands, like all 
the islands on this coast, which are favourable 
to the breeding of sheep bearing fine wool. 

York island, and the Highlands, as far as 
Newbuly and Philiptown, on Hudson river to 
the north, and the boundaries of Connecticut to 
the east, is primitive. From the town to the 
commencement of the Highlands we find prin- 
cipally gneiss and granite, and of course it in- 
clines towards a gravelly and thin soil; the 
Highlands as well as the primitive which skirts 
the Connecticut border, contains much clay and 
mica slate, and will most probably form a 
stronger soil in the vallies. 

That mass of country north of the Mohawk, 
bounded by Lake Champlain to the east, and 
the river St. Lawrenpe to the north, is like- 
wise primitive ; and fi^om all appearance is a 
rough mountainous country, with some vallies 
of tolerable soU ; but the mountains are most 
probably tiiin and poor, subject to the northern 
winds, and the rigorous changes of climate, 
which are the natural consequences. 
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From Philiptown on the Hudson, to near 
Lake Champlain, is a strip of transition from 
fifteen to twenty-five miles wide on the east 
side of the Hudson, and extending on the west 
side perhaps fiirther; though in many places 
west of the Hudson, on the tops of mountains 
and rising grounds, it is covered by secondary, 
forming a constant alternation between transi- 
tion and secondary, which would require much 
accurate examination to designate ; we have 
therefore coloured the whole as transition, 
which we consider the foundation. 

This valley, divided by the Hudson, ought to 
have a good soil, where it is level, consisting 
principally of grey wacke slate and limestone j 
but is subject to the inconvenience of the Ver- 
mont vaUies, in being open to the north, and 
liable to sudden and great changes in the tem- 
perature. The advantage of a tide navigation^ 
running almost the whole length, is all impor- 
tant to the progress of agriculture, by trans- 
porting, at an easy expense, the bulky articles 
necessary to improve flie soil. 

The secondary of this state, runs along the 
Mohawk to Lake Ontario, and follows the bor- 
ders of the lakes to the frontiers of Pennsylva- 
nia, skirting the transition to the south-east ; it 
is generally tolerable soil, the alluvial of the 
rivers being composed of depositions from the 
decomposed secondary ; is in most places rich 
and fertUe, as on the Mohawk, ^c. The allu- 
vial of the lakes, in many places washed by the 
movement of the waters, is but thin and inclined 
to be sanidy. How far the alluvial of the lakes 
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extends to the south depends on how &r the 
lakes themselves have covered those countries 
formerly; which is uncertain. 

This secondary makes rather a small excep- 
timi to the general rule of that class, possessing 
the p-operti§s of easy and safe navigation in the 
interior, owing to its small rivers running prin- 
cipally into Lake Ontario, which is so conside- 
rably below the general level of the country, 
that the streams are rapid and often obstructed 
by the falls. The communication with the sea, 
either by the lake and the St. Lawrence, or by 
the Mohawk and Hudson rivers, is but slightly 
obstructed with rapids and rocks. From the 
western part it is probable that the communica- 
tion through French creek, the Ohio, and down 
the IMlssissippi to the gulf of Mexico, is perhaps 
the most easy and convenient passage to the 
sea. 

A canal from Lake Erie to the Mohawk has 
been projected. So great a distance, across all 
the vallies made by all the streams, which run 
into the Lake Ontario, would make it an expeur 
sive undertaking; so much so, that it is proba- 
We the whole surplus produce that would pass 
through it would not pay one per cent, on the 
sum expended, in making it. The quantity of 
surplus produce to feed the idle, or to export 
to foreign countries, depends on the quantity 
consumed by the farmers and labourers at 
home. In this country, where they eat animal 
food, and every thing of the best kind, three 
times a day, the surplus produced by three or 
foyr If^iy^iirers is UQt equ^ to the s^uplus pro- 
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4uced by one labower in countries where they 
eat nothing but brown bread and potatoes; 
where the labourers are slaves; where con- 
sumption is restricted to a few quarts of com 
a week. In such places, the surplus produce 
destined to feed their masters ^and for expor- 
tation, is considerable. If all the produce made 
by the slave states, and exported by them, or 
through the medium of tiie other states, could 
be deducted from the whole exports of the 
United States, the balance exported by the free 
labour states, would be much smaller than most 
pe(^e are aware of. 

While the labourer lives so wdtt, wid con- 
sumes such a great proportion of the produce 
of his labour, those statesmen and others who 
judge of the qapalnlity of tiiis community to 
pay taxes, and feed the unproductive class^i 
from what takes place in Europe, will be much 
mistaken. Np produce can possibly supply 
more to the non-productive class, than the sur- 
plus that remains to the farmer, after fomishing 
eveiy thing his habits make necesssuy to feed 
himself and family; where those habits are like 
those of the labourers in most parts of Europe, 
tiiey can furnish four times more surplus, out 
of the same produce, than the labourer can 
here with his present habits. 

Jersey consists of alluvial along the sea coast, 
which inms along the east bank of the Delaware 
from Cape May to Trenton; and from thence 
to Elizabethtown it is bounded by the red sand- 
stone. It is of course parfly formed by the sea 
and partiy by the depositicHis of the Hudson and 
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Delaware rivers, wMch touch two sides of it; 
the part of this alluvial, formed by the above 
mentioned rivers, consistingof depositions wash- 
ed off the transition and secondary formations, 
is most probably good soil; but tiie part of it 
thrown up by the waves of the sea, will be thin 
and sandy. 

Considerable depositions of bog-iron ore, are 
found in this alluvia], which may perhaps be 
owing to the vicinity of the old red sandstone, 
the iton oxyd of its cement furnishing the ma- 
terials. So, the bog-iron ore is more abundant 
in the alluvial of Maryland and the Jerseys, 
where the red sandstone is found in the neigh- 
bourhood, than in other states to the south. 

The oldest red sandstone extends from the 
edge of the alluvial to the foot of the primitive 
mountains, and from the Hudson to the Dela- 
ware. Where the country is level, and conr 
sists of the red sandstone only, the soil is good; 
where it is covered with the greenstone trap, it 
is generally thin soil and stony. 

To the north-west the primitive range occu- 
pies the frontier of the state, diminishing in 
breadth as it progresses to the south-west, and 
finishes in a point south of Bethlehem. This 
primitive is rugged and steril, where the moun- 
tains are steep and precipitous, or Where the 
quartz and sihceous rocks predominate. The 
slates, hornblende, and primitive limestone, 
where level, form a tolerable soil; it is like- 
wise rich in fine magnetic iron ore, wMch has 
been wrought to advantage; but is deprived, 
like the greatest part of primitive ranges, of 
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river navigation; a great hindrance to lljif .pro- 
gress of agriculture as well as manufacJtdjes, 
from which disadvantage the secondary and gjl*- 
luvial of this state, is in some measure free. \ y 

Pennsylvania consists principally of transition* 
and secondary, having the smallest quantity of 
the primitive class of any state east of the moun- 
tains, and most probably the greatest quantity of 
good land, in proportion to its surface, of any 
of the Atlantic states. 

From the south-east boundary, to about twen- 
ty or twenty.five miles north-west, is included 
aJl the primitive of the state, which is light and 
indifferent, where the gneiss, granite or serpen- 
tine prevails ; the limestone or hornblende rocks 
may form a tolerable soil, as the country, though 
broken, is not hilly, and has nothing that can be 
called a mountain. The rivers Susquehannah, 
Schuylkill, Delaware, or any other inferior 
streams, where alluvial is formed, being the de- 
positions from transition and secondary forma- 
tions, will most probably produce a rich soil. 

An extensive transition formation succeeds to 
the primitive and occupies nearly seventy ihiles 
in breadth to the top of the dividing ridge, be- - 
tween the westem and the eastern waters, 
which forms the summit of ^ the AUeghany 
mountains. In this place the transition is wider 
th^n in -any other part of our range of moun- 
tains, and is only interrupted for about twenty 
or thirty miles, between Norristown and Read- 
^S^ hy being covered by the oldest red sand- 
stone formation. 

The sofl, through tiie whole of this tract, 



103 /'^Observations an the Qedogtf 

whe5(4^tel, is tokrably good; where formed by 

the^dflhvial of the rivers, it is generally rich and 

S^rtile, but the quartzy and siliceous a^regates, 

-.T^ehich most frequency occupy the mountains^ 

-decompose into a ligb^ sandy soil, though the 

/Tallies between those mmitttains are rich and 

productive. 

The river navigation of the primitive and 
transition of this state is, agreeable to the ge* 
neral character of those classes, very indiffer- 
ent, obstructed by a great many rapids and 
fitHs, liable to the fre^ts of mountain torrents, 
breaJdng through narrow uid rocky passages, 
with all the extremes aud inconvenience of too 
much or too little water, to remove which would 
require much labour and expense, whidh per- 
haps could only be repaid by the transportation 
of some very bulky articles, such as coal, gyp- 
sum, or limestone. It is a query whether an 
expensive canal navigatibn can be repaid by the 
mere transportatbn of the surplus produce of 
the sofl, or even of manufactories, except bulky 
coal. Limestone, iron and manures, it is pro- 
bable, siq^rt the greatest part of the expense 
of canals, even in En^nd. 

From the top of the Alleghany mountains to 
Lake Erie, is part of the great secondary for- 
mation of the basin of the Mississippi, and ex- 
tends fix)m the frcmtier of the state of New 
York to the limits of Ohio aiwi state of Virgi-^ 
nia; tfiis secondary formation may incline to be 
sandy on the hills, where the sandstone pre- 
vails; but the valley and river alluvial is rich 
and fertile. It loses Htle of the vegetable 
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mould by washing, owing to ite general hovi- 
zcmtal position; and the accumulation of sadtt 
v^etable manure is in j^roporticm to the time 
the trees have been growing ob Hie soal. It is^ 
probable that the alliivial ma^ hy &e wasMi^ 
of the kkcy may be tMn^ and sandjr, as weD as 
the part that may have been at no vtij distant 
period the bottom of the lake ; and for that rea- 
son the trees may not have been lotig enott^ 
on the smface to accumulate a bed <^ vegeta- 
ble decomposition of any great thickness; in 
that case^ though the earthy part of the scnl 
may be good, the natural manure, dropped 
from the trees, may be thin and soon worn 
away. 

Both coal and limestone have b6en found ht 
great atbundance on the west side of the ML6^ 
ghany mountains f the coal they use with ad-^ 
vants^ as manure $ the sla^ clay, which alter* 
nates so often with the limestone in this for* 
ibation, contains carbon, which augments its 
productive quality when decomposed into soil. 

Thou^ nearly fifteen hundred mfies from 
the sea, it cEjjoys a river navigation, without imy 
siliceous obstructions, the whole distance ; as the 
secondary extends to the bay of Mexico, and 
affords £dl the advantages of deep and slow 
running rivers (which is generally the character 
of this class of rocks) facilitating every kkid of 
internal navigation. 

From the ease with which they navigate the 
small creeks and streams, every farmer may 
have a ijUKSng place near his plantation, and 
receive at small expense the limestone, plais- 



104 Observatums on the Geology 

ter, or coals, necessary to agriculture and the 
other arts. Even where a cwial is necessary 
in this class, the level i^tuation and nature of 
the rocks, makes the accomplishment of it easier 
than in most of the other classes. 

There is no ridge of mountains on this side 
Lake Erie that can shelter the country from the 
north and north-west winds; it is therefore pro- 
bable that this part of the great basin is eiqposed 
to the sudden and great changes of tempera- 
ture, produced by the rapid currents of air from 
north to south, or from south to north; it is 
equally in the nature of such a situation for the 
changes to be more rapid and more severe, in 
proportion as the land is cleared of wood. Pru- 
dence might perhaps dictate the leaving strips 
of wood from east to west, on purpose to pro- 
tect as much as possible the useM plants from 
the effects of the rapid changes in the spring 
and fall. 

The state of Pennsylvania is perhaps the best 
cultivated of all the states in the union; that is, 
more of the farmers have dropped the ancient 
practice of wearing out one field, and going to 
clear away the trees of another, without adopt- 
ing any system of manuring by plaister, or ro- 
tation of crops, so as to keep the lands once 
cleared continually in heart. Most of the Penn- 
sylvania farmers, like the farmei's in Europe, 
make their fields better and richer in propor- 
tion to the time they have been in culture; it 
is therefore partly to ait and industry, and part- 
ly to nature, that we are indebted for the pros^ 
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perpus state of agriculture in this common- 
wealth, 

Delaware, the smallest state of the union, 
consists almost entirely of alluvial; the part 
formed by tiie depositions of the Delaware, will 
most probably be good soil, while that made 
by the washings of the sea will be light and 
sandy. That small strip of primitive, which 
touches the Pennsylvania frontier, being low 
and level, is more or less covered with alluvial, 
and is likely to be tolerable soil. 

The tide water of the Delaware, and small 
rivers and creeks in the alluvial, furnishes this 
state with good internal navigation. 

Almost siuTounded by tide water, this state 
has access to the sea at aU points, and enjoys, 
from its being placed between the Delaware, 
the sea, and the Chesapeak, almost the mild- 
ness of an insular situation, not so subject to 
extremes of heat and cold. 

Maryland has a great deal of alluvial, some 
primitive and transition, and very littie secon- 
dary. The Chesapeak is the large inland bay, 
formed most probably by the ocean throwing 
up a bank of sand and gravel on the eastern 
shore; on the inside of which the great rivers, 
that now run into the bay, have been constant- 
ly heaping their depositions, consisting of the 
washings of a great transition and secondaiy 
country, which descend with the waters of the 
Susquehannah and Potomac, and the sediment 
of the Rappahannock and 'James rivers, con- 
sisting of transition and primitive deposition. 
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U is therefore j^bable, that the 9]hi?ial of 
both sides of the Chesapeak, protected by the 
mok of land on the eastern shore from the 
wa^hmg of flie waves of the sea, will b^ good 
soil generally, and approach nearer to the qua- 
lity «f fiver bottoms, Dian any alluvial open to 
the movements of the sea, and liable to be 
washed by it The station in which we now 
find it, after so long a practice of so ruinous a 
system of culture, constant cropping, and no 
manure, is a strong proof of the oii^nal good 
quatity of the soil. 

Such is the nature of the alluvial in Maiy- 
land, occupying all the state south-east of a line 
drawn from Havre de Gmce on the Susquehan- 
^ab, passing through Baltimore to Washington 
on the Potomac. For navigation, both internal 
and i&xtemal, the alluvial of Matyland ei^oys all 
the advantages attached to that class of rocks, in 
an easy and safe access to the sea by the Poto- 
mac and Chesapeak bay, and a free circulation 
of craft in the interior by means of all the 
small rivers and creeks, throu^ which the tide 
mcmnts to the foot of the granite ridge, that is« 
to the entrance updn the primitive. 

This primitive be^s at the line where the 
alluvial ends, and continues towards the north- 
west, from twenty to twenty-five miles; the 
<50unti7 rugged but level; in some places thin 
and poor, in others tolerable, as it approaches 
tile dd red sandstone; a band of which, eight 
or ten miles wide, lays upon the outer edge 
before we come upon thip tramti<Hi; this band 
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t)f red sandstone makes good sofl, where the 
sandstone prevails, but rather thiii and light 
soil,' where the greenstone trap covers it. 

The west part of the state is a strip along the 
banks of the Potomac, of transition, which is 
most probably good soil. So great a proportion 
of this state laying upon tide water, intersected 
by the Chesapeak, and so many bays and creeks, 
win probably diminish the rigour of the winter, 
and modify the extremes of heat and cold in the 
spring and fall. 

Virginia contains all the classes of rocks, and 
like Pennsylvania stretches considerably into 
the secondary basin of the Mississippi. The 
alluvial occupies all that part of the state si- 
tuated on the south east side of a line drawn 
from Washington through Fredericksburg, Rich- 
mond, and Petersburg, to the Roanoke, having 
the sea for its south-east boundary. On the 
northern part it i? good soil, like the alluvial of 
Maryland, but towards the south it is partly 
made up of the alluvial of the ocean, and partly 
of the deposits brought down by the Rappahan- 
nock and James rivers, collected principally 
from primitive countries, mostly of sand and 
gi-avel; of com^e, the probability is, that the 
soil towards North Carolina will be sandy and 
thin. 

Both the internal and external navigation is 
excellent; for the tide flows up all the small 
rivers and creeks to the limits of the alluvial 
or commencement of the. primitive; and the 
vast influx and reflux of the tide into the Che- 
sapeak, sweeps the channels between the capes 

p 
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so clear of banks, as to afford water of sufficient 
depth for any ship ; which is rather contrary to 
the general effects produced on alluvial coasts. 

The primitive succeeds to the aUuvial^ and 
runs north-west to the Blue Ridge, which it 
keeps as a boundary to Magotty Gap; from 
thence it proceeds south-west, and passes to 
the eastward of tlie lead mines at Austinville, 
and from thence towards the warm springs in 
North Carolina. The vallies in this, like all 
other primitive, are naiTOw, but generally rich 
and fertile. The upland, as far west as the 
South or Green mountains, is rather level, but 
broken; the soil thin and light near to the 
Green mountains; ranging in the same direc- 
tion, is the red soil, which crosses the state, 
seldom extending twenty miles in width, or 
much less than six to seven miles broad; fre- 
quently irregular and in patches, and is per- 
haps the best upland soil, independent of river 
bottoms, that is in the Atlantic states. 

This bed of red soil follows a narrow stratum 
of grey wacke slate and transition limestone, and 
in many j)laces it covers the primitive at some 
distance from the limestone, yet it is more than 
probable, that it is the remains of a transition 
formation, which may have formerly covered 
the primitive to a greater extent. 

Westward of the red soil, the soil is thin as 
long as the Blue Ridge is the boundary, to Ma- 
gotty Gap; but after the ridge is primitive, to 
ttie south of Magotty Gap, there is a considera- 
ble extent of gravel, covering the foot of the 
ridge, called the gravel ridges, which being com- 
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posed of rolled quarte, appareatly the remains 
of a great field of clay date, mixed with a 
great quantity of transition sandstone pebbles, 
file soil is barren and thin, producing no growth 
of wood sufiicient to manure it. Those gravel 
ridges continue along the foot of the primitive 
mountains, through both North CaroUna and 
Georgia. 

The navigation is indifferent, though below 
the ridge, fi-om the level situation of tiie coun- 
try, boats run upon James river. 

On the limits of the primitive be^ns the tran- 
sition, which continues west of the top of the 
Alleghany, near the Sulphur springs ; fi-om 
thence south-west to the eastward of Abing- 
don, passing about twenty-two miles west of 
the Fainted rock on the frontiers of North Ca- 
rolina and Tennessee. This is rather a broken, 
mountainous country, with extensive vaUies of 
limestone and slate, which produces good fer- 
tile soil, while the mountains, consisting princi- 
pally of sandstone and quartzy aggregates, make 
a thin, poor soil ; the navigation being bad, owing 
to the want of water near the sources of the 
rivers, and the obstructions of falls and rapids 
hinders equally internal circulation and exter- 
nal communication with a market; resembling 
in this, the whole country which occupies the 
dividing range between the eastern and western 
waters ; that is, to be further fi-om a market than 
those lands situated either east or west on a na- 
vigable river* 

Between the limits of the transition and the 
liver Cfhio, is the secondary of this state, which 
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enjoys the soil and advantages of the secondary 
of Pennsylvania, except as to the rivers that 
water it. The Great Kanhawa and other streams 
rise in a mountainous transition country, and 
may probably carry down and deposit masses 
of gravel, formed by the quartzy aggregates 
and sandstone, which frequently occupies the 
high lands in transition countries; whereas all 
the rivers in the Pennsylvania secondary, rise 
and run their whole course in the secondary, 
and are therefore more likely to make depo- 
sits, that are richer and more adapted to ve- 
getable production. 

North Carolina consists principally of aUu- 
vial and primitive, divided by a line running to 
the west of Halifax and the east of Raleigh, 
passing by Aversboro' and Rockingham. To 
the east of this line, extending to the sea, runs 
the alluvial formation. From the circumstance 
of this alluvial being made by the washing of 
the waves of the sea, or accumulated by the 
depositions from rivers which have run their 
whole course through a primitive country, the 
probability is, that it will in many places be 
sandy and thin soil. 

That part of the coast bordering on Pimlico 
and Albemarle sounds, being protected by the 
sand banks and bars from the washing of the 
waves of the sea, may deposit a tolerable allu- 
vial, approaching in quality to that of the Che- 
sapeak; if the same bars and banks did not ob- 
struct the draining of the low lands that sur- 
round those inlets, and render them too watery 
for the purpose of agriculture : though from the 



of the United States. ill 

heat of the climate it is probable, when uMted 
to a sufficient moisture, the accumulation of ve- 
getable productions will be rapid. 

From this increasing heat, as we go south, 
a considerable increase of vegetable production 
must accumulate in the low lands, where there 
is moisture; and on the contrary, where there 
is sand and no moisture, the sterility must be 
augmented, which will have the effect of ren- 
dering the poor lands, that are dry, less pro- 
ductive, and the low lands that have moisture, 
more rich and fertile ; producing a much greater 
contrast between the rich and the poor soils, 
than takes place in the northern latitudes. 

Internal navigation is good, and all kinds* of 
manures and buEky articles can circulate through 
the creeks and rivers at small expense; but the 
communication with the sea is obstructed by 
sand banks and bars, which makes tiie export 
of their surplus to foreign countries, difficult 
and expensive. 

From the limite of the alluvial to within ten 
miles of the frontiers of the Tennessee, all in 
primitive. For some distance westward, it is 
rather level, and covered with a coat of allu- 
vial, which in some places forms a tolerable 
soil; the country afterwards becomes broken, 
with much granite and gneiss, forming a thin 
soil to the foot of the mountains, where the 
gravel ridges begin; being steril and unproduc- 
tive. The mountains are high and rugged, 
rather bare of soil ; the vallies, as in aU primi- 
tive, narrow, but fertile. It is in this state, that 
the whole mass of mountains begins to be pri- 



iit ObserMdiom on the Gedegy 

milive, as in New JEbigiftnd; they are Hierefore 
more steep and rocky, and tibe valUes fewer and 
narrower; they constitute the dividing ridge, 
and tiie rivers which run to the westwsu^ pass 
throi^h a considerable extent of primitive coun- 
try, as well as those whidi dndn the water off 
to the eastward. 

Navigation, both intemal and external, is bad; 
the rivers are incumbered wiHi falk and rapids. 
The strip of transition of About ten mUes broad, 
which touches the frontiers of Tennessee, is a 
rough, mountainous country, consisting of the 
quartzy ^gregates in the high lands, and of 
course their soils; but the vallies, though con- 
fiiTed and narrow, are fertile and productive. 

South Carolina is entiirely formed of alluvial 
and primitive, divided by a line, running by Go« 
kunbia to Savannah; the alluvial extending east 
from that line to the sea. This alluvial is form- 
ed by the washing of the sea and by the sedi- 
ment of rivers, which have their sources and 
run the greatest part of their course through 
primitive; it is therefore probable, that the dry 
part of the alluvial will incline to be sandy and 
Ught soil. The river bottoms and low situa- 
tions, where there is water, will be rich and fer* 
tile, from the heat and moisture accumulating 
so rapidly the vegetable matter. It is likewise 
probable, that the remains of the madrepore 
rocks, which are equal to powdered limestone, 
may be brought by tiie currents from the south, 
and mixed wifli the sand on the sea islands, by 
Which the nature of the soil would be material- 
ly changed for the better. The quantity of co- 
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nd and madrepore rocks, that are forming on 
both sides of tiie gulf stream, where it passes 
the coast of Florida, gives probability to this 
conjecture. •' , 

The bed of blue marl, with shells, which 
crosses this state and Geor^ and extends even 
through the Floridas, will be likely to form a 
soil equal to limestone land; it is deposited by 
the sea, most probably in places protected by 
sand banks from the washing of the waves, and 
approaching to the alluvial made by the rivers. 

Thou^ the tide of the rivers ceases to flow 
twenty or thirty miles below the primitive, yet 
flie navigation for craft is good to the edge of 
the primitive rocks, and the communication 
with the sea is tolerable by the means of bar 
harbours. 

The primitive in this state, as North Caro- 
lina, is flat for some distance from the edge of , 
the alluvial, and covered with a coat of earthi, 
apparently the decomposition of hornblende and 
slate rocks, which makes a good soil, and be- 
comes more rugged and broken as you pro- 
ceed towards the mountains, which are high 
and steep, composed principally of gneiss and 
granite, and forming a thin soO, disposed to be 
gravelly ; but the vaflies or river bottoms, though 
narrow, are rich and fertile, diminishing in ex- 
tent and number, as you proceed higher up the 
mountains, where the rapidity of the rivers ^ves 
little lime or still water to form the deposition 
of any other but heavy substances, such as roll- 
ed rocks or gravel. 
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The navigallon in fMs, like the other primi- 
live countries, is bad; the rivers, obstructed 
with falls and shoals, are too rapid and un- 
certain. 

Tliat part of the primitive which touches the 
alluvial, or the eastern and lowest edge, be- 
comes flatter and more incUned to decomposi- 
tion, as you proceed south on this and the two 
bordering states, at the junction of the primitive 
and alluvial ; the former is decomposed to a con- 
siderable thickness below the surface, though 
covered with a considerable depth of alluvial; 
and. above the junction where the primitive 
rocks appear in aJl the rivers and water courses, 
the surface is flat, and overlaid by a considera- 
ble mass of earth, for many miles to the west- 
ward. It is therefore probable, that heat facili- 
tates the decomposition of primitive rocks more 
than water, and that the result of the decompo- 
sition, that is, the soil it makes, is more favour- 
able to the production of vegetable matter, inas- 
much as it. decomposes more rapidly, and is 
not so liable to be washed during the operation. 

Georgia, like South Carolina, consists almost 
entirely of alluvial and primitive; divided by a 
line running from Augusta by MilledgeviUe, Fort 
Hawkins, and the agency on Flint river, to the 
south. East of that line, to the sea and fron- 
tiers of Florida, the soil is alluvial, formed by 
the rivers and the sea. Some of the rivers, 
such as the Savannah, run through primitive 
country, and form saikly, light soil. The Alta- 
maha holds the greatest part of its course 
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through alluvial country, and will most proba- 
bly form richer and more productive deposi- 
tions. 

The sea may form alluvial of a superior qua- 
lity, by being mixed with the broken remaios of 
the madrepore rocks in the vicinity; it is even 
probable, that the islands on the coast may have 
madrepore and coral rocks for their foundation, 
which in warm climates decomposes rapidly into 
very good soil. 

Wherever there is the command of water in 
this climate, vegetable matter will accumulate, 
which makes sdl the low lands on tjie rivers 
^ch and fertile, though the dry land may be 
poor and sandy. It is however probable, that 
the alluvial above tide water, being level and 
not much washed, may be tolerable good soil. 
River navigation is good, and boats run up to 
the edge of the primitive, and coasters to the 
head of tide water, which is, in some of the 
rivers, nearly fifty miles below the primitive 
ridge; the communication with the sea by bar 
harbours is not difficult. 

To the north, a little westerly of the limits 
of the alluvial, is the primitive formation, level, 
and covered with earth of tolerable quality ; for 
some distance towards the mountains, this pla- 
teau of level country, decreases in width the 
further you go west, finishing in a rough, broken 
country. To the north it consists principally^ 
of gneiss and granite; as you approach the 
mountains, which are high, the soil is rather 
thin and poor, but the vallies between them are 
rich and fertile, though narrow. 
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A small angle of this state crosses the moun« 
tains, and touches at a point the river Tennes- 
see; this is in part transition, and the rest se- 
condary, which corresponds in quality with the 
same classes of rocks in North Carolina, and 
the state of Tennessee. 

The part of this state, which lays upon the 
decUvity of the Alleghany mountains, sheltered 
to the south from the northerly winds, and open 
to the mild temperature of the south and south- 
west breezes, ought to be, and indeed is, one of 
the most moderate climates of the United States; 
in a great measure free from the sudden and 
violent changes of heat and cold, produced by 
the free circulation of those two opposite cur- 
rents of air from the north and south, bring- 
ing along with them the temperature of the op- 
posite climates, from whence they come. It 
may likewise be considered as a climate more 
congenial to the growth of plants from the south 
of Europe, such as the vine and the olive^ than 
any situation north of it in the United States. 

From the circumstance of the range of moun- 
tains approaching nearer and parallel to the sea, 
the rivers ar^ shorter, and run their whole 
course in nearly the same latitude, which ren- 
ders the floods less dangerous and more under 
the command of dykes and barriers, than they 
are in the western country, where the whole 
basin of the Mississippi is drained by one river, 
and the melting of the snows in the north in- 
undates and ravages the plains in the south, 
with a force and wtight of water, difficult to be 
controlled by the limited exertions of mauj^and 



(^the United States. H7 

perhaps not to be accomplished by a thin and 
scattered population. 

The foregoing short description includes the 
whole Atlantic states ; that is, all the states which 
consist of a variety of all the difterent classes 
of rocks in a geological point of \4ew; the ap- 
plication of the propeities whei'eof to agricid- 
-ture, in modifying the nature and fertility of 
soils, is rather mixed and complicated. Thd 
rest of the United States, round by the lakes, 
and we have reason to believe, even as far west 
as the foot of the Stony mountains, consist of 
two classes of rocks, the secondary, and the 
alluvial made up of the washings of the secon- 
dary; these two classes possess properties the 
most favourable to the production of vegeta- 
bles, first, in situation; tending always towards 
the level and even surface, and secondly, in 
component parts; being made up of particles 
ground and worn by repeated friction into mi- 
nute powder, mixed and triturated so as to pro- 
duce earths and soils best calculated for the 
growth of plants. 

In ^s vast extent of country therefore, the 
different nature and fertility of soils does not 
depend as much on any difference in the qua- 
lity of the rocks whereof the soils are formed 
in a geological point of view, for they are near- 
ly the same, but chiefly on the difference of cli- 
mate, and relative situations as to height, the re- 
gular or irregular supply of heat and moisture 
depending on the constancy or uncertainty of 
the. agents that furnish them, including the va- 
rious effects produced by the fireshels and in- 
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undations of the rivers, vAih the nature of the 
rocks at their sources, and through which they 
may have run for some distance. 

The division, called the Mississippi territory, 
extends from the confines of Georgia to the li- 
mits of Louisiana and the river Mississippi; and 
from north to south from the frontiers of Ten- 
nessee to Florida, and the gulf of Mexico. 
This division is composed of secondary, and 
the alluvial made up of the decomposition of 
secondary rocks; both classes of rocks contain 
the materials necessary to the formation of good 
loam, and will most probaMy make good soils. 

That part of this district, which lays on the 
declivity of the hills towards the ^outh, protect- 
ed from the north wind and open to the south, 
win most probably enjoy an equal and moderate 
climate ; and like the part of Georgia in a si- 
milar situation, it will be favourable to the pro- 
duction of the vine and the olive. Where it 
touches the river Mississippi, it. will partake of 
the river alluvial, and the inconveniences of its 
floods and marshes; and that part bordering on 
Tennessee, will most probably be similar in soil, 
produce and climate, to the coast of the great 
basin which it joins. 

Bounded on the west, north, and east side 
by navigable rivers, and drained by thi'ee other 
rivers tibat communicate immediately with tlie 
gulf of Mexico, this district ought to enjoy a 
good navigation, both internal and external, 
while it is in some measure free from the in- 
undations and uncertainty of the rivers of long 
course; those rivers which have run through 
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it, arc of a size capable of being controlled by 
the industry of man, and at no season subject to 
the inconvenience of great periodical floods, or 
the obstruction of ice towards their sources, 
which is more or less the case with those rivers 
that rise in northern latitudes. 

From the gradual declivity of the ground, 
and from the rivers which run through the 
country, rising in a rather elevated situation at 
no great distance, the springs of water will most 
probably be abundant, and the water tolerable; 
the east part of the territory, with the western 
part of the state of Georgia, are the only body 
of lands in the United States, which lays on a 
southern coast, open to the influence of the 
southern breezes, and sheltered from the sud- 
den changes which accompany the northerly 
winds on this continent. It may therefore be 
reasonably inferred, that the climate is one of 
the most moderate in the United States, or at 
least that part which has been as yet settled; 
and that flie range of the thermometer is not 
so extensive, nor the extremes of heat and 
cold so great as in those places exposed to the 
influence of the northerly winds. It is equally 
probable, that the portion immediately south of 
the highest part of the termination of the Alle- 
ghany mountains will be the best protected from 
tiie influence of the north wind, and of course 
the mdst temperate climate, though the soil may 
be Jess productive from its proximity to the 
primitive. 

The head waters of the Tennessee river, 
rising in a mountainous country, consisting of 
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^mitive and trwsitioii rocks, and ninmng * 
considerable distance tlirough them, will be apt 
to bring down considerate quantities of sand 
and gravel, composed of quartz^ and sandstone 
of transition pebbles ; of course, t|ie state oi 
Tennessee may contain a greater quantity of 
gravel ridges or sand beds, than the other states 
in this great basin ; but the state of Kentucky, 
made up of the aUuvid that descends the Ohio, 
collected from a coal, grey wacke, and limestone 
country, will most probably be ridi and fertile ; 
the same causes mil produce the same effect^ 
with a little allowance for difference of dimate, 
in the states of Ohio, Indiana, and Illinois. TTie 
Mchiggtfi and North Westeni territory, being 
still further north, and having more of their al* 
luvial originating from the washing of the lakes, 
will require still a greater deduction from their 
fertility smd productiveness. The whole basin 
consists of secondary, or alluvial resulting from 
secondary decompositions; and therefore had 
the best chance of a good natural soil, while 
its level situation, not liable to be washed, in- 
sures it all the benefits of an accumulation of 
vegetable mould, from the fall of the leaves, 
decayed grass, and other vegetable decompo- 
sitions. 

There are a great many detached masses of 
granite and sienite, scattered over the surface 
of that part of the basin, which lays to the 
north of the Ohio river, but runs to die south; 
from which it is probable, that they have cotnc 
from the north, perhaps from the primitive 
mountains, north of the great lakes; if so, the 
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moirement of waters must have been at mme 
former periods different from what they are 
now; and those waters (in place of depositing 
the decomposition of secondary, as all the rivers 
rising neftr the lakes do now) most probably 
brought with them^ along with those masses of 
primitive rocks, the remains of primitive moun- 
tains, and may have left more sand and gravel 
on the nort}^m parte than is to be found in the 
south. 

West of the Missktsippi, the whole passes , 
under the name of the Missouri territory, imd 
near the sea it is called Lomsiana. The whc^ 
of this territory, to near the foot of the Stony 
mountains, appears to be secondary; but what 
is the nature of the Stony mountains, or how 
much of the alluvial brought down from them 
by the large rivers (which have been the prin- 
qipal agents in filling up the west side of fee 
basin) may be the washings of primitive moun- 
tains, is uncertain. The tops of the Stony 
mountains are covered to a considerable extent 
with perpetual snows and pendent glaciers ; a 
proof that they are vastly higher than the Alle- 
ghany mountains; of course, the numberlisss 
streams and torrents, which descend: their 
flanks, roll' with much more violence and rapi- 
dity a far greater quantity of water from the 
melting of the snows, than can be expected to 
descend from mountains of the height of the 
Alleghany. It is therefore reasonable to sup- 
pose, that they will deposit at the foot of the 
Stony mountains, and for some consideraMe 
distance, a much greater quantity of sand and 
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gravel than the streams from the west side of 
3ie AJleghany. 

This sand and gravely when dried up by a 
southern sun, may form extensive basins, de- 
prived of water; they wiU become deserts, while 
the banks of rivers or moist places may make 
tolerable soil. These causes may render the 
soil of the western part of this extensive basin 
unequal, and vibrating between very poor and 
tolerably rich. 

Kvers, which rise on the mountains and run 
over such a vast extent of country, carrying aU 
their waters and deposits towards one common 
centre,' and all joining the sea by one common 
outlet, are generally Uable to periodical inunda- 
lions, and bring down with them a great body 
of water accompanied with a great deal of sedi- 
ment or alluvial. This alluvial is generally first 
deposited on the bed and banks of those rivers, 
raising them very much above the level of the 
surrounding country, and giving the rivers the 
appearance of running upon a ridge, which is 
the cause why the surrounding country is lia- 
ble to be flooded to a great distance by the first 
inundation ; the draining of which, after the 
rivers subside, is very much impeded by the 
circumstance of the bed and banks of the rivers 
being on a higher level, and preventing the 
water from running off, forming large lakes 
and marshes, until the heat dries them up, to 
experience again the same drowning as at the 
first periodical inundation. When ttie weight 
of waters that roll down in such rivers is so 
jp'eat as to be out of the controul of the labour 
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of man, it is attended with great inconvenience 
and uncertainty to the farmer, and by render- 
ing property precarious, becomes one of the 
greatest hindrances that can be put in the way 
of improvement; but this is fortunately limited 
in the basin of the Mississippi, to the lower part 
of the largest rivers, and even they, like the 
Nile, may perhs^ be brought hereafter under 
the controid of persevering industry. 

Though this basin is highest on the west, 
north, and e^st side, and declines gradually to 
the south side of the great norttiem lakes, 
there is no range of mountains or any basin 
sufficiently elevated to protect it against the 
northerly winds, which range through the whole 
without obstruction, and cwry with them the 
sudden^changes of temperature, common to the 
north winds on this continent. It is not impro- 
bable, that the frequency of those north winds 
may be limited by the south wind being forced 
up the basin by the constant effects of the trade 
wind, filling the bay of Mexico, and the range 
of mountains at the bottom (if the bay turning 
the current to the north; still, there is a change 
of the opposite winds, and a sudden transition 
from cold to heat. 

This transition of temperature may certainly 
become every day less injurious, both to men 
and vegetables, in proportion as they become 
habituated to tiie climate, and acquire new ha- 
bits better fitted for their situation; for it is 
probable, that we have not been struggling long 
enough with the inequalities of the climate, to 
have lost our European habits; which being 
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forced on us by an order of Unngs quite difier- 
ent, does not suit this country. Most of the 
vegetables, fruit, ^c. which we cultivate, have 
likewise their European habits, which they have 
not yet had time enough to change. 

(ki examining both the geogr^hical and 
geological maps-, of the United States, it will 
appear, that they are divided into two distinct 
and separate parts, differing materially from 
each other in their relative situation and means 
of communication with the rest of the globe; 
as well as in their interior circulation and coni- 
munication within their own territory. The na- 
tional line of separation between those two 
great territories^ is that range of mount^ins^ 
' called the Alleghany; which from the poorness 
of the soil, and the difficulty of getting tp mar- 
ket, will most probably be the last part of the 
continent thickly inhabited. 

On the west side of this ridge is the vast ba- 
sin of the Mssissippi; geologically composed 
of similar substances, enjoying the advantage 
of all climates from the 39th to the 45th de- 
gree of latitude, having the command of the 
ti*opical productions as well as those of the 
north, circulated through its most distant extre- 
mities by the immense ramifications of one 
great navigable river, communicating with the 
ocean only at one point; navigable with some 
danger and difficulty by merchant ships, but in- 
accessible to large ships of war. 

On the Atlantic side of the ridge, they en- 
joy nearly the same variety of climate and pro- 
duction ; but for the medium of communication, 
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from north to south, they depend on the sea, 
which is accessible at all points, both to mer- 
chant ships and ships of war. 

The inhabitant west of the mounrtains is forced 
by situation to consider the internal navigation 
as the cause of his riches, independence and 
happiness ; but having only one leading sea 
port, the foreign commerce will most propably 
be considered of secondary moment, and be 
^ven up to those who can do it cheapest. At 
Iftie same time, confident of his strength, and 
having only one point to defend, it is difficult 
for his rulers to persuade him of the necessity 
either for a fleet or an army; so that both his 
situation and interest force him to be at peace 
with all the world. 

It is not the same with the inhabitant on the 
ishore of the Atlantic. Placed on an extensive 
coast, accessible at all points to the depreda- 
tions of a superior fleet, he is easfly persuaded 
by his rulers to keep up a fleet and an army to 
protect commerce, ^c. tending doubtless to in- 
volve us in all the wars of Europe, at the enor- 
mous expense it must always cost a govern- 
ment such as this. T8«:es follow in propor- 
tion. The inhabitants of the west pay meir 
proportion of these taxes without flie same 
feeling or interest. The breach widens by the 
natural gravitation of interest arising out of si- 
tuation; and nothing can long keep them toge- 
ther but the utmost prudence and economy in 
the federal rulers, by avoiding war and every 
cause of expense. 
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On this earth, or in the page of history, it is 
probable no place can be found of the same 
extent, so well calculated to perpetuate a free 
and equal representative goyemment, as the 
basin of the Mississippi, both from its physical 
advantages and the political constitutions on 
which the state of society is bottomed. 

By enjoying the diflferent productions of a 
variety of climates through a rapid and easy 
circulation to the extremities of the country, 
by means of rivers, secured against the depre- 
dations of any foreign enemy, they set out with 
advantages, which thousands of years of labour 
have not been able to obtain for other nations. 

That territory, being inclosed within a chain 
of mountains, or lakes, together with the com- 
parative wealmess of their neighbours, guaran- 
tees the inhabitants agtdnst the least apprehen- 
sion of invasion, while their having only one 
bad harbour, unfit for ships of war, takes away 
the ability of invading by sea the property of 
others — ^removes in a great measure the temp- 
tation of war — and. deprives the rulers even of 
an excuse of keeping either a fleet or army es- 
tablishment, which hitherto have always pro- 
duced the ruin of free and equal representative 
governments. 

Bottomed on a free and equal representation 
of men, they will most probably be governed 
by the majority; not like the greatest part of 
the Atiantic states, which are founded on a re- 
presentation of property, and liable to be go- 
verned by the few or the minority. Monopoly 
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of property ensures monopoly of power, and 
the means of perpetuating it, as is proyen by 
the experience of all other naitions. They wiD 
most probably be divided into twenty or thirty 
free and independent representative govern- 
ments, which wiU guarantee them against any 
sudden usurpation. But as all the nations in the 
old world who possessed any share of equal re- 
presentation, have been deprived of it by the 
intrigues of their rulers, experience forbids the 
placing great Confidence in the continuance of 
equal representation, even on this favourite 
spot, though we may be allowed to indulge in 
the hope, that it will long be governed by the 
positive majority, and remsdn a place of refiige 
to oppressed humanity. 
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EXPLANATION OF PLATE IV 



This Plate contains five sections of the United States, 
from tbe sea shore to the great secondary basin o£ tlie 
Mississippi, with the comparative elevation of the range of 
mountains called in general the Alleghany. The scale of 
height on the margin Is divided into ten parts; the first five' 
is two hundred feet each, to give some apparent height to 
the small hills and low country; the upper half of the scale 
is equally divided into five, and is one thousand feet, each 
division; making the whole scale six thousand feet. It is 
not meant that tlie highest part of the ridge shall be found 
exactly where the lin^ passes, but that the highest part of 
the ridge in the vicinity of that line, shall most probably be 
found of the height marked by the scale in the section. 

The colours correspond with those on the map; that is, 
the Siena for the rock, red for the transition, the blue for . 
the secondary, and the yellow for the alluvial, &c. 

The Catskill mountains * are here represented as transi- 
tion, though in many places west of tbe Hudson the transi- 
tion is found only on the lower ground, as the foundation; 
though the tops of the hills are frequently crossed with se- 
condary. 

Fig. I. No. 1. Camden in Penobscot bay, district of Maine. 
£• Kennebeck river, district of Maine. 

3. White Hills, New Hampshire. 

4. Lake Champlain. 

5. Wellsboro' on Lake Champlain. 

6. Oxboro, fifty miles east of Kingston on Lake 

Ontario. 
Fig.ILNo.l. Plymouth in Boston bay, Massachusetts. 

2. SpringBeld on Connecticut river. 

3. Green mountains. 

. 4. Hudson river in the state of New York. 
5. Catskill mountains are here represented as 
transition, though in many places west of 
the Hudson the transition is found only in 
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the low countryf as the foandatioiif while 
the tops of the hills are frequentljr crossed 
with secondary. 

6. Delhi. 

7. Cayuga lake at Ithica. 
Fig.IILNo.l. Egg Harbour in New Jersey. 

£. A little to the S..W. of Philadelphia. 

3. York in the state of Pennsylvania. 

4. Summit of the Alleghany mountains. 

5. Pittsburg in Pennsylvania. 
Fig.IY.No.l. Cape Henry, Chesapeak bay» Virginia. 

£. Linnhaven bay do. 

S. Norfolk do. 

4. Smithiield do. 

5. Harris do« 

6. Lunebourgh do. 

7. Roanoke rivei* do. 

8. Williarosville do. 

9. Martinsville do. 

10. Greenville do. 

11. Abingdon do. 
Fig. V. No. 1. Cape Fear in North Carolina. 

2. Smithville do. 

5. Pedee river do. 

4. Catawba river do. 

5. Union , do. 

6. Warm Springs, near the frontiers of Ten- 

nessee^ 
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Essay an the Formation of Rocks, oa* an Inquiry 
into the probable Origin of their present Form 
and Structure. 

Our knowledge of thfe actual and present state 
of the substances which constitute our globe, is 
unfortunately confined to a small portion of the 
surface ; from which it would appear, that we are 
still very deficient even as to those facts which are 
within the reach of our observation and experience, 
and which may perhaps be necessary to tne form- 
ing of any rational conjecture concerning the for- 
mation or fonner state of those substances which 
cover the external surface of the globe. 

Concerning the nature and properties of the 
great mass which constitutes the interior of the 
earth, we are entirely ignorant; few of our mines 
penetrate deeper than one fifty thousandth part of 
the earth's diameter under the surface, and none 
of them go beyond one twenty-five thousandth 
part of that diameter ; it would appear, therefore, 
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that any mere supposition concerning the actual 
and present state, or the nature of those substances 
which form the interior of the earth, is unsupport- 
ed as yet by any reasonable analogy; and that all 
conjectures concerning former changes, partial or 
total, in the nature and structure of those sub- 
stances, are removed still farther from any thing 
analogous in our present state of knowledge. 

The earth being flattened at the poles, does not 
necessarily implv its former fluidity; we may be 
permitted to doubt the analogy between our expe- 
riments on bodies moving in our atmosphere, and 
the earth's motion in space: our total ignorance 
of the nature of the flmd which occupies what is 
usually called space, tends to render the analogy 
inconclusive. 

May not the mode of casting patent shot be con- 
sidered as an experiment on the form which liauid 
bodies would take by a rotary motion? A orop 
of melted lead let fall from the height of two hun- 
dred feet is completely globular, and not flattened 
at the poles ; the lead might be thrown with force 
from the top of the tower, which would imitate 
the centrifugal force, as gravitation does the cen- 
tripetal force, and make me experiment more ana- 
logous. 

The supposition that the earth was in a fluid 
state w^hen it took its present form, leads to the 
supposition that it was always so ; and that fluidity 
was the original state of the earth, kept so by all 
the general laws and order of nature, all of which 
general order and laws of nature must be totally 
changed before the earth would take a solid form. 

On the supposition that the earth, previous to 
its fluid state, had existed alwavs in a solid state, 
and that some creation or accident produced the 
fire or water necessary to its liouefaction, we have 
in that case first to suppose, tnat the order and 
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* 

nature of the general laws which had kept it al- 
ways in a solid state, were totally changed, to pro^ 
duce a fluid state ; and that another change in the 
general laws which produced and kept it in a fluid 
state, must have taken place previous to its having 
become again solid. 

It may DC doubted, whether the uniformity, or- 
der and regularity of the general laws of nature, 
which have at any time come within the limits of 
our observation, can warrant a supposition, found- 
ed on such complete changes in the modis of ac- 
tion. 

The Neptunists admit the fluidity of the earthy 
and endeavor to prove that water must have been 
the cause of that fluidity; though to dissolve the 
greater part of the substances now found on the 
surface, or as far under it as we have yet penetrat- 
ed, would require two or three thousand times 
more water than the solid contents of the whole 
globe. How nature has disposed of that immense 
quantity of water, now become unnecessary by the 
consoUaation of the globe, is but one of the many 
difficulties which arise out of the Neptunian sys- 
tem. 

The Volcanists, likewise, consider the fluidity of 
the globe as a necessary foundation for their sys- 
tem ; but insist that fire must have been the cause 
of it, nor can they, in a satisfactory manner, dispose 
of tiie immense Quantity of caloric or heat, become 
unnecessary by tne consolidation of the ^lobe : dif- 
ficulties that must always attend suppositions of a 
total change in the general laws of nature, because 
the agents necessary to the retaining of matter in 
one s&te, must be disposed of before that matter 
can acquire a different form or nature. 

It is, perhaps, an historical fact that all geologists 
who have fotmed their system oh the examination 
of the northern parts of the continent of Europe, 
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where there are no existing volcanoes, are Neptu* 
nists ; and those who have exammed Italy, or oth» 
er volcanic countries, {Nrevious to the formation of 
their systems, are more or less Volcanists, which 
tends to prove, that opinions are the result of our 
knowledge, and our knowledge the consequence of 
the different situations which chance or choice has 
thrown us into : weou^ht, therefore, not to be as- 
tonished, much less irritated^ at the difference of 
opinions, but consider them as the natural effect 
or consequence of our locality or opportunities* 

Suppose the earth was a body of moderate size, 
that we could cut up and dissect as we do animals, 
vegetables ; or other objects of natural history, it is 
probable that the first psa't which would attract 
our attention would be the volcanoes, in action, 
with the mountains formed by the ejected matter ; 
we should probablv first examine this ejected mat- 
ter, to ascertain what proportion of the surface of 
the globe, or ball, was covered with similar mat- 
ter : we should, of course, find out the extinct vol- 
canoes, and though the fire had ceased to act, the 
similarity and relative position of the matter would 
induce us to conclude that they were produced in 
the same manner, as well as the small detached 
remains of similar substances, which we would 
find scattered over the whole surface. 

After shaving off all that we supposed to be 
formed by fire, the next active agent that would 
attract our attention would be water. The pro- 
ductions and changes wrought by the operation 
of this j^ent, would be examined : the aggregates 
of rounded particles, deposition with organic mat- 
ter, &c. would be considered as belonging to form- 
ations by water. / 

Clearing the surface of the ball with our dissect- 
ing chisel of all that we could ascertain by analogy 
to belong to the formation by water, or fire, we 
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trould come to a ^)^ei( of mattet that did not ex'^ 
ftctlj resemble either of the above formatkms^ 
whic|i, on examining, we would find of various 
textures ; and comparing it with the portions al- 
ready cut off, we would find {mrt of tnis matter 
Vfbkh. had a distinct resemblance to that formed 
by fire, and part to that formed bv water, but so 
mixed and confused tc^ther as to prevent our 
forming any distinct concli^ons. After turning 
the ball two or three times, we would naturally 
wish to know what constituted the interior or cen* 
tral part; for which purpose we would cut it in 
two, and expose the mterior to our examination 
and analysis, as we had before examine the exte- 
rior ; and if we should find that the interior was 
fluid) and like a soft boiled egg, and onlv the exte- 
rior was solid, we might follow the analogy of the 
egg a little farther, and deduce the probabuity, that 
at some former period the exterior crust had been 
fluid, and had since become solid, by some opera- 
tion of nature analogous to something we had our- 
selves observed. 

On the contrary, should the examination of the 
interior of the ball, prove, that it consisted of a va- 
riety of solid substances, farther and farther re- 
moved from any resemblance with those we had 
observed as formed on the surface by fire or water, 
we should {probably conclude, that these agents 
were not necessarily instrumental in the formation 
of those substances ; and that we were totallv ig- 
norant of the process which nature may have 
adopted to form those substances, and we should 
doubt whether those substances had not always 
existed in that state; Thus would the investi^- 
tion be left, until farther dissections, and the anal- 

Jrsis of similar constituted balls, had thrown more 
ight on the subject of our inquiries. 

In this manner the examination of. the origin of 
the rocks that form the external crust of our globe! 

4 
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ought, perhaps, to be conducted; beginning \yith 
those substances that have been formed under the 
immediate evidence of our senses, and»comnletely 
within the limits of our observation, either oy v^ra- 
ter or fire, and proceeding to others having a direct 
resemblance, in structure, component parts, or re- 
lative situation, or united by tne chain of positive 
analogy, to the same mode of formation ; evident^ 
ly deriving their oridn from the action of the same 
agents of water or nre, until we come to the last 
crust, beyond which we cannot penetrate ; then 
we must drop the thread of positive analogy, and 
not being able to make a cut to the centre of the 
globe, be content with probable conjecture. 

At this point, where positive analogy finishes, 
and probable conjecture begins, will fe the natu- 
ral hue which will divide the rock into two class-- 
€s ; the first class will contain all those whose ori- 
gin, either by fire or water, has taken place under 
the evidence of our actual observation, or those 
that can be traced by positive analogy to the same 
origin. The second class comprising all those 
To&s which have no positive analogy vnth either, 
vet containing some parts which have a distant re- 
lation to both the modes of formation. 

As nature does not advance by large leaps, but 
bv small and re^ar steps, leaving no marks in the 
cnain of gradation on which we can place the lim- 
its of our artificial division, the line of demarcation 
between the first and second classes will be doubt- 
ful ; and the rocks approximating on both sides, 
will not be well determined. The line also must 
change with the progress of our knowledge and 
discoveries, and rocks placed in the second class 
now, because we have found analogous rocks in 
the first class, may change their place by new dis- 
coveries, and pass from the second to the first 
class, or from what may be called the unknown in^ 
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to the known, wheneyer future experience and ob- 
servation have .thrown light xm their origin. 

There is no question here concerning the rela- 
tive period in which the different formations by 
water or fire have originated. This is difficult to 
ascertain; and from the numberless derangements 
in the original order, liable to many exceptions, 
nor is the necessity of it evident in the inquiry con- 
cerning the origin. Nothing within our oliserva- 
tion proves the priori^ of one mode of formation 
over the other, nor nulitates against the probabili- 
ty of one formation often alternating with another, 
and it is more than probable that the reason we 
have so few instances of such an alteration on re- 
cord is because there is so small a proportion of the 
crust of our globe accurately examined. 

In attempting to separate the rocks, whose ori- 
gin comes within the sphere of our positive know- 
ledge, or positive analogy,, from those whose faint 
and distant resemblance leaves the nature of their 
origin to conjecture, I am convinced, that neither 
my experience, knowledge, nor industry, are ade- 
quate to the task of comparing their various differ- 
ences and resemblances, so as to form an adequate 
conclusion ; but the faults and imperfections in 
the execution vrillnot, perhaps, iniure tiie proprie- 
ty of the arrangement or method ; for it has al- 
ways appeared to me necessary to fix some boun- 
dary between the knowledge of facts which must 
increase with our experience, and the field of con- 
jecture which majT, perhaps, on the contrary, di- 
minish as our positive knowledge augments. 

It is probable that nature has many more ways 
of effecting the changes, in the form of rocks, than 
we are acquainted with ; and that she employs 
many agents, the nature and properties of which 
we are as yet totally ignorant of ; nor is it improb- 
able that we may torm the same rock by two or 
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more different agents. When we pretend to lim-' 
it the operations of nature, to suit our contracted 
ideas, we most probably do her injustice* • To pro- 
ceed from the known, which we see daily form- 
ing, towards the unknown, through a cnain of 
reasoning strictiy analogous, is perhaps all that our 
present uiowleage will permit us to do. 

It is not intentited to give a description of all the 
particular rocks that may constitute a formation, 
or be subordinate to it, many of them, such as tiie ' 
topaz-rock, (which has only as yet been found in a 
bed, in clay slate, forty or fifty feet broad, and 
from two hundred to three hundred feet long) 
would tend to confuse: a general description of 
the formation, with a few oi)servations, is aU that 
I shall attempt^ 



SYNOPSIS OP THE ORIGIN OF ROCKS. 

As we do not comprehend either the creation, 
or annihilation, of matter, by the origin of rocks, 
we mean the last change which produced their 
present form, and the agents that nature employ- 
ed to give them that form, or effectuate that 
change. 

First Geass. Of Neptunian origin. 

£Hrst Ordet^ Formed by nature under our ob- 
servation, visible, and restmg on the evidence of 
aursenses^ 

Sand beds, Brown Coal, 

Gravel beds, Bog Iron ore, 

Sea-Salt, Calcareous Tuffa, 

Sandstone, Calcareous depositions, 

JPuddingstone, Silex £rom Hot-Springs &c« 
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Second Order ^ resembling, in structure, nosition, 
or component parts, the first order, the eviaence of 
their origin reimng on direct and positive analogy. 

Coal, Grajrwacke & Graywacke 

Gypsum, slate. 

Chalk, Transition Sandstone, 

Comjmct limestone, Transition Limestone, 
^ Sandstone, Transition Gvpsum, 

'Puddingstone, Transition Clay Slate, 

Rock-S3t, Anthracite, 

Old Red Sandstone, Siliceous Schist. 

Second Class. Volcanic origin. 

First Order. Thrown out <rf active volcanoes, 
and resting on the evidence of our senses : 

Compact Lava. Mud Lava, 

Porous Lava, Obsidian or Volcanic Glass, 

Por{>hyritii$ Lava, Pumice stone, 

Scoria, Cinders, &c, 

SeBond Order. Resembling the first order in 
structure, positioq, and component parts, having 
the remains of craters, v^th currents of lava diverg- 
ing from them: though the fire, v^hicfa may have 
formed them, is now extinct; the evidence of their 
origin resting on direct and positive analogy : 

Basalt, Pearlstone, 

Trap formation, called by Pwohyry attending the 

Werner the tiewest Fleets Trap as above, 

Trao formation. Clinkstone ditto, &c. 

Pitcnstone, 

Third Order. Where the rocks resemble the 
second, in texture and component parts, but 
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where all the craters, cinders, scoriae, and most of ' 
the porous rocks, have been washed away, leaving 
only the solid parts, such as 

Basalt, Pitchstone, 

Trap, called by Werner Pornhry, 

the newest floets Trap Clinkstone^ &c* 

formation. 

These rocks resemble the volcanic in relative 
positioti, covering indifferently aU the other class- 
es of rocks, andm detached pieces, without any 
extensive continuity or stratification, but divided 
by vertical fissures, the proof of ^eir origin rest- 
ing on a more distant analogy than order second. 

Third class. The origin doubtful^ resem* 
bling a little tbe second order of the first and sec-^ 
ond classes, but the analogy neither direct nor pos- 
itive, amounting only to probable conjecture. 

Mrat Order. Such rocks as probable conjec- 
ture would incline to place in the Neptunian ori- 
gin: 

Gneiss, Clay Slate, 

Mica Slate, Primitive Limestone. 

Second Order. Such rocks as probable conjec- 
ture would incline to place in the volcanic origin : 

Hornblende, Sienite, 

Porphyry, Granite, 

Greenstone, 

The origin of rocks may first be divided into 
the known and the unknown. The two first class- 
es contain the known, and the third class the un- 



On the Formdion of Roch. 1^ 

known. Farther observations may change their 
situation, and place a rock, which is now in the 
Unknown class, in the known class, by which 
means the unknown class will diminish as our pos- 
itive knowledge increases, and in proportion as 
the known class augments. 

The first class, or those rocks whose origin 
comes within the limits of our positive knowle^e, 
or can be traced by positive analogy, divides itself 
into the Neptunian and Volcanic, according as 
water or fire were instrumental in their forma- 
tions. 

f%rst Ofdet* The Neptunian or aqueous for- 
mation. 

1. Sand beds J consisting of smiall partifcles of rocks 
rounded by friction or attrition. 

2. Gravel heds^ consisting of large particles of 
rocks; rounded by friction or attrition. 

3. Clay bedf^ sediments by water, including marie, 
and all sediments in impalpable powder. 

4. Sea-Salt^ with all its attendants of argile, Gyp- 
sum, &c. 

5. Sandstone^ particles of sand rounded by fric- 
tion, and cemented by calcareous or other infil- 
tration into a hard adhesive rock. 

6. Puddingslone^ particles of gravel rounded by 
attrition, and cemented by the infiltrations of si- 
liceous, calcareous, ferruginous, and other aque- 
ous depositions, &c. 

7. Braunkohle Turf or other bituminous or ve- 
getable substances included in the beds of the? 
above alluvial rocks. 

8. Bog iron Ore^ Pyrites, &c. included in the 
above alluvial. 

9. Calcareous Tuffa^ a coarse-grained deposition 
from a chemical dissolution in warm springs^ 



14 On the Formation of Roda. 

kc. &c. from a rapid and suddden precipita- 
tion* 

10. CaleareauM dmmtion^ called Travertina at 
Rome, from a slower precipitation, by evapora- 
ting of water, permitting it to take a compact 
and solid foiTO. 

11. Sikx fxom silip^us precipitation : slowly as 
in petrified wood and other organic matter, 
wbich are solid and compact, or suddenly as 
from the hot springs of Iceland, where it is cel- 
lular and rather coarse grained. 

The above-mentioned rocks are stratified hori* 
zontall^, following the inequality of the surface 
on which they rest; they are found on or near 
the surface of the earth, and, their origin is within 
the limit of our observation : as nature may be 
said to carry on her manufactory, subject to the 
daily inspection of our senses. They have been 
called alluvial rocks, by some mineralc^sts. 

Second Order of NeptMian Rocks. 

12. Coa/ formation, including the attendant strata 
of Puddinestone, Sandstone, Slaty Clay, Bitu- 
minous and Alluminous strata, &c. with vege^ 
tables, and other impresions of organic matter. 

13. Gypsum^ coaree-^:ained, comprised of shells, 
and other organic matter, with all its attendant 
strata of indurated marie, sandstone, cellular^ 
and other depositions of silex, &c. &c. 

i4. Limestone^ coarse-grained, composed of shells 
and other organic matter, with aU its attendant 
strata of indurated marl, sandstone, cellular and 
other depositions of silex, &c. 

15. Chalky including all the attendant substances, 
^ siliceous depositions of flints in strata and 
nodules, pyrites, &c. with shells and other or^ 
ganic matter disseminated &c. 
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i6. Compact Zime^/one, including every species 
of honzontally stratified limestone, with the re- 
mains of organic matter, as shells JBcc. .&c. dis- 
seminated, 

17. Sanditdne^ including dl horizontally stratified 
sandstone, having organic matter, or alternating 
with strait including organic matter. 

1 8. Puddingst&ne. including every species of rock 
formed of rolled masses horizontally stratified, 
having or^anici matter, or alternating vrith 
rocks mcluding organic matter. 

19. Rock^dU^ incliidin^ all the Mtendants of 
Clay-beds, Gypsum, Sandstone &c. 

20. Grymum^ horizontally stratified, including 
Clay, Sulphui', crystals of Quart* oi' Aragonites, 
&c. &c., in which no remains of organic mat- 
ter may yei have been found. 

21. Sandstone^ vrith an ochry, feSwuginohs cement 
called by Werne^, Rothe tode Liegend, with all 
its accompanying stratM(iations of limestone^ 
thin strata of coal, gypsum, &c. kc. having or- 
^inic matter disseminated, though rare. 

The above rocks are generally stratified horizon- 
tally, or following the dip or inclination of those 
on which they rest, but lying deep under the sur- 
face, and their period of formatidn, prior to the date 
of our observations, prevents, their mode of aggre- 
gation from coming vvithin the observation of oui' 
senses ; and mtist depend on rational or positive 
analogy. 

as. Grdywacke^ rolled masses of rocks cemented 
bv a clay slate, more or less apparent, or by a 
slaty fibrous cement, having some resemblance 
to a chlorite slate : the last mentioned, general- 
ly found near the primitive. 
23. Graywaeke ^/a/e, small rounded particles of 
rocks, enveloped in a slaty base, aceompanied 
and alternating with calcareous shist, &c. Ssc^ 

5 
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(14. Sandstone of transition, fine grained, having 
generally a siliceous cement : in the fresh frac- 
ture, resembling quartz, but in a state of decom- 
position the granular texture appears. 

25. Limestone of transition, generally a small crys- 
talline grain, with small veins and seams of calc- 
spar, having small plates of clay slate often dis- 
seminated, &c. &c. 

26. Gypsum of transition, having a small granu- 
kr crystallization, accompanied with small 
plates of slate or shist. 

327. Micaceous Slate of transition, alternating with 
small grained crystalline limestone : the strata 
consisting of a species of talcy or mica slate, and 
a variety of shistoze, intermediate rocks, as on 
the Ardennes, and the Appenines, including 
roofing slate, and its attendants. 

^S.'Anihradte including the attendant strata of 
clay slate, allum slate, black chalk, &c. &c. 

^39. /8i7iceoa9«Ais/,as Kiezd-sheiflfer, Jasper, and 
other siliceous stratifications. 
The above rocks are generally stratified, dip- 

S'ng or inclining from the horizon, at an angle of 
om 30 -to 60 degrees, and in some cases even 
more ; most of ^hem, except perhaps the last (No. 
29,) have been fowid to contam the remains of or- 
ganic matter, though in small quantities ; and are 
a little further removed from the firet order, 
though still united by the chain of probable analo- 
gy to the same formation. No. 29 approaches 
nearer the green stones and Porphyries, where the 
analogy is not so -conclusive. 
&re6n^/on€, including greenstone porphyries, and 
the hard, compact rocks on the borders of the 2d 
class. 
Pon^phyries^ crystals of quartz, feldspar, &c. in com- 
pact, and often small crystalline bases ; found 
near to the limits of the first and second class, 
and partaking of the properties of both. 
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As the above rocks approach those of the seconcJ 
elass, they gradually remove from any positive 
analogy to the Neptunian of the first class. They 
contain no remains of organic matter, nor any par- 
ticles of rocks rounded by attrition ; nor do tney 
resemble any of the precipitations or depositions 
contained in the first order of the Neptunian rocks* 
They are allied to the Neptunian division, by 
their stratification and relative position ; touching 
and perhaps alternating, with some rocks of the 
second order of the Neptunian division; in struc^ 
ture and external appearance, they resemble ma- 
ny of the members of the volcanic family, and ap- 
proach in many of their ph)perties to that species 
or formation 01 rocks, called by Werner, the trap 
or basalt formation, (newest fleets trap formation,) 
The few remarks we have to make on this order, 
may therefore come most properly after we have 
examined all the rocks united either to the Neptu- 
nian or volcanic origin, by positive or rational anal* 
ogy. This will clear the field ; and bring those of 
doubtful andc conjectural origin, into a smaller 
compass, where their resemblance or difference 
can be better examined ; and the result of the 
comparison may throw light on the third class of 
i^cks, where positive or rational analogy is defi* 
cient. 

Nature composes, forms, or aggregates those 
rocks eithw by mechanical deposition, as in sand, 
gravel, or clay, Nos. 1, 2, and 3 ; by a precipitation 
from a chemical ^solution, as in Nos. 9^ 10, and 1 1 5 
or by a mixture of both modes of aggregation, as 
in Nos. 4, 5, 6, 7, and 8. These aggregations of 
sandstone, puddingstone, &c., are more or less 
hard and aahesive, according to the nature of the 

frecipitate which unites them ; and nearlv resem- 
le the aggregates in the second order : but the 
depositions of impalpsd)le powder, such as clays 
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&c., generally remain in a soft state, having les». 
resemblanqe to the slaty and ar^llaceous rocks of 
the other orders of Neptunian origin. The calcare* 
ous precipitations ar^ not generally so hard and 
adhesive as those of the second order, though they 
have much the same texture and external appear- 
imce ; but the siliceous precipitations in petrified 
v^ood, and other forms, are equally hard and com- 
pact, having a dirept analogv lyith the siliceous 
rocks of the second order ; they are likevose the 
only species of rocksi, positively knov^n to be of 
Neptunian origin, v?luch resemble a little in tex« 
ture, hardness a^d external appearance, many of 
those of volcanic origin. 

Rocks of the following description, may be con^ 
sidered of Neptunian origin by positive and ration- 
ed analogy, y\z^. 

Those containing sheik and other animals, 
knovm only to esst m v^ater, or the remains of otht 
er organic matter, destructible by fire. 

Aggregates of sand or gravel, rounded by attri- 
tion, resembling those formed every day by the 
action of the sea, rivers and lakes. 

Substances, vi^hpse structure and compopient 
parts are similar to those formed by the depositions 
of lakes, springs^ &c. which are evident to our 
pensesand daily observations. 

Substances, alternating and intimately mixed 
•with all, or any, of the above description, provided, 
nothing similar has yet been found m those, v^hic|^ 
are of vwcloubted vojci^p onig^n. 
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FIRST CLASS. 

Ordeq II. 

Of the Neptunian origin. 

li. Conformation. The series of aggregates 
which constitute this formation, are evidentiy of 
aqueous origin: the puddinstone and sandstone, 
are composed of particles rounded by attrition ; 
and as well as the slaty clay, bituminous slate, &c. 
contain the impressions of vegetable and other or<- 

nc matter, which are, as well as the coal itself, 
ructible by fire, rendering the analogy conclu- 
sive. 

They are generally found in hollows or low 
situations, wqen compared with the surrounding 
strata, which may be called basins or depots, and 
may be divided into three different basins or de^ 
pots, according to the different nature of the rocj^ 
which form the bsisins or foundation op which tibe 
formation lies. 

The first is the deposit in calcareous basins, or 
rqK)sin^ on the foot of the compact calcareous 
mountams ; such as the coals at New<-Castle and 
Whitehaven, in the counties of Yorkshire, Lan* 
cashire, Ch^hire, and in fact, the greatest part of 
the coals wrought in England, with the exception 
of some fields in Wales, which are in primitive ba- 
sins ; the coals in Polwd, on the foot of the com- 
pact limestone of the Carpathian mountains, 
through Silesia, and following the calcareous diain 
through Germany to the Hartz ; the coals at Aii^ 
la Chapelle and Li^; and perhaps all the coals 
in Flanders, may be found to repose in calcare? 
ous basins, or to crop out at the foot of calcareous 
hills. Tne immense beds of C09X lying upon se- 
condary limestone west of the Alleghany mouu- 
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tains in North America, are likewise of this de- 
scription. This is, perhaps, the most extensive^ 
and regular of the coal formations ; the heds are 
generally of a moderate thickness, or from one to 
six feet ; of great extent ; a great number lying 
one under the other, even to 20 or 30 beds ; and 
alternating principally with slaty clay and sand- 
stone, with little or no puddingstone. The argit- 
laceous ironstone so frequenUy wrought as an 
iron ore in England, is found m beds of clay in* 
this formation. 

The second repository or deposit, is found m 
the hollows or valleys in the primitive formation, 
such as the coals near Nantz, on the Allier, St. Eti- 
enne, and Rive du Guir, in France ; Richmond, in 
the United States of America, &c. &c. These de- 
posits are generally less extensive than the first; 
they vare in clusters or heaps of forty or fifty feet 
thick, without any regulanty in the stratification; 
often after working a forty or fifty feet bed, it runs 
out to a thread in fifty or one hundred yards, and 
recommences in another place. They alternate 
with, and are covered vntn a great proportion of 
puddingstone, and sandstone, and a much less pro* 
portion of slaty clay, and argil, than the first kind, 
of deposits. 

The third kind of repositories or deposits, are 
not so regular as the other two, and more difficult 
to define. They are generally found at the foot 
of those ranges of mountains, where the old red 
sandstone takes the place of the compact limestone, 
on the flank of the primitive ; such as the coals on 
the south side of the mountains in Bohemia — along 
the chain of the Vosges — ^parts of those found in 
the south of France — and m Scotland. 

The stratification of this deposit of coal, is nei^ 
ther extensive nor regular. It is often interrupted 
and broken, having irequently basalt in its neighs 
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bofhood, or the trap formation, whkh in some pla- 
ces covers it It is also covered by, and alternates 
with, a greater proportion of sandstone ; and there 
are comparatively, perhaps, fewer vegetable im* 
pressions, or the remains of organic matter, in the 
accompanving stratification. 

From sul this it may reasonably be concluded, 
that at the time these coal formations took place, 
the surface of the earth was partly covered by 
primitive, partly by transition, and partly by se- 
condary rocks, as we find it at present. 

13. Gypsum. This formation seems to partake 
of Neptuman origin, by its including the remains 
of Clonic matter ; alternating with aggregates of 
rocks rounded by attrition, containing snells; and 
being found generally in a more crystalline form 
than the other rocks of this class, owing perhap, 
to its great solubilitjr in water; it occupies me 
lower situations, and is not found in mountainous 
countries. Such is the gypsum round Paris, at 
Luneburgh, and in Holstein. Perhaps some of 
the extensive formations of gypsum in Spain, and 
that in the vicinity of Jena, in Saxony, may be- 
long to this formation. 

The remains of animals have, 1 believe, only 
been found, as jret, in the exteYisive gypsum quar- 
ries in the vicinity of Paris ; in almost any other 
situation, except me vicinity of a large town, it is 
probable that the few specimens containing such 
organic matter might have remained unnoticed for 
ages; which shows how deficient we are in tiie 
necessary knowledge of the actual state of the sub- 
stances within the reach of our observation ; and 
how few are the positive facts on which the nar- 
row foundation of our general and sweeping sys- 
tems of the earth's formation must rest. 
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\4t. Ckmrse-griuned SheR lAmutone^ c(»iastiiig 
of the remaiiis of oi^iimc matter, which are now 
only found to exist in water, sufficiently proyes 
its Meptunian origin, as well as that of all its ac- 
companying strata; the silex fomid alternating or 
toucnin^ this formation, has ofteii the impressions 
of organic matter, and has always the structure of 
the adiceous jn^ecipitates found in the first oitlei^ 
of the Neptunian rocks. 

This formation generallj^ occupies the lower 
leyels: it is seldom found in mountainous coun- 
tri^; it coyers immediately both primitiye and 
other more recent formations ; it is ibund both in 
extensive and partial beds; and yaries only in the 
nature of the wells it contains ; the rock itself be^ 
ing much the same, dther a coarse aggr^te of 
sand and calcareous matter, resembling the calca- 
reous tuffa of the first order of Neptuman rocks, or 
a kind of indurated marie, not much difierent in 
some places firom chalk« 

1^. Chalk fomUtHan istoalogous in structures 
and component parts to the dbiMsition and pred- 
pitaticms of Nos. 3 and 9, of the first order oiNep- 
tunian rocks; it contains calcareous and siliceous 
petrifactions of org^c matter, with pyrites, as in 
Nos. 8 and 1 1, so tfiat it unites most of the differ- 
ent modes of precipitation, and deposition, we haye 
dbsared to be fdAowed by nature in the formation 
of hx^ks ot the first orA&; except the aggr^^tes 
(tf particles founded bjr attrition. 

Its atuation is generally in flat or leyel countries, 

seldom or neyer found in mountainous, occupies 

in general extensiye fields, as from the east part 

of Champaigne in France, to near Bath in £n- 

nd; and from Flanders to tiie yidnity of OlV 

ds; with some interruptions common to most 

nations. It is seldom or neyer found altemat-" 
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ing with oompacl limestone, or with coal, en* sea 
saSs. Iron seems as yet the only metal it contains, 
and it is seldom or nerer found alternating with 
any kind of shii^t, or having any distinct or unir 
form stratification* 

16. Compact Lim£8ton6 resemUes in structure 
and component parts No. 10, of the first order: it 
contains shells and organic remains of animals 
found at present to exist only in water, and of 
course it is by direct analogy of Neptunian ori^n. 

This is one of the most powerful and extensive 
formations we know. The history of it alone 
would require a volume. It is found either in de- 
tached secondary hills or rans^es, (as the ridges that 
cross England through Derbyshire) or lying on 
the flank of primitive or transition mountains, as 
^the imn^nse curtain which skirts the north and 
west side of the Carpathian, Bohemian, Tyrolean, 
and Alpine mountains, from the Black Sea to the 
borders of the Mediterranean $ and the powerful 
and extensive beds which line the basin of the 
Mississippi on the west side of the Alleghany 
mcmntams in North America. 

Where the stratum is very thick, the rock is 
solid and compact, containing little or no shells or 
other organic matter ; but when the shells abound^ 
the stratum is tfiiinner, and the beds of shells, with 
some mixture of argillaceous deposits, are found 
in greatest quantities between the strata. These 
are often broken and irregular, from the great 
number of excavations and caverns they contain, 
through which run subterraneous rivers, washing 
away the limestone, sind deranging the originally 
horizontal strata. 

There are great varieties in the color ; the frac** 
ture is sometimes earthy, but more frequently 
smooth^ and conchoidaL It appears to be mixed 

6 
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ing with clay, and other rocks of the Neptunian 
formaticm, in which the remains of organic matter 
hare been found, must be consider^ as proof of 
its Neptunian wigin. 

This gypsum is generally found in the vicinity 
of mountains, as round the foot of the Hartz, and 
contains sulphur. It is also found near to Cracow 
in Poland, in Muroia, Granada, and at Conila, in 
Spain. It has quartz and arragonite crystals im^ 
bedded in it in the provinces of Arra^on and Va- 
lencia, in Spain, in which kingdom thisi formation 
is extensive, but much broken and confiKsed, hav- 
ing its stratification irregular and deranged, so as 
to be difficult to ascertain the^ relative situation* 
It is probaUe that the gypsum near Cognae in 
France, and that near Chalons on the Saone, are 
. lil^wise of the same formation. 

521. Sandstone with an iron ochrey cement. 
This resembles the other sandstone formation, be* 
ii^ composed of particles of rocks rounded by at- 
trition ; in some places forming puddingstxme, the 
sandstone serving as the cement It includes and 
dtemates with claj in a soft state, and with gyp- 
sum. The remains of organic matter^ thouni 
rare, have been found in it, which reimers the 
analogy oonclusire, of its being of Neptunian 
origin. 

This, like all the other sandstone formation, is 
liable to be washed away when exposed to the 
weather, and is then found in broken and detach- 
ed pieces, when not protects by some more solid 
covering. These detached fragments require some 
observation, to unite and reduce to one general for- 
mation; with this necessary attention, it will be 
found to be rather an extensive formation, as it is 
in North America, covering indiscriminately dif- 
ferent gkinds of the primitive, from Connecticut 
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liver to the Rappahanoek, nearly one hundred and 
fifty leagues. On both sides of the Yosges to be- 
yond Treves, it generally reposes on the porphyry, 
covering the porphyry of the chain of mbuntains 
in the black-iorest opposite the chain of the Yos- 
ges, and equally covering the porphyry on tiie 
south side of Tyrol, from the valley of Falsa, to 
near Bergamo, and perhaps farther, as the same 
porphvry lies upon the gneiss on Lago Maiore, 
though there the sandstone is wanting, perhaps 
from being washed away. 

As this formation has been taken for the gray- 
wacke, and grayviracke shist, by some mineralo- 
g^ts, it may not be useless to give here a descrip- 
tion of the points in which they resemble, and the 
jm)perties wherein they differ, according as I have 
observed them. 

These two formations resemble each other in 
being united by a ce^nent consisting mostly of 
argil, and taking the appearance of clay slate, when 
tte cement abounds either in the sand stone or 
puddings. This sandstone likewise, as in the 
grajrwacke shist, takes a shistoze appearance, with 
particles of clay slate, when the cementpredomi- 
nates ; and in situation, it is immediately follow- 
ing the primitive, like the graywacke shist and 
other transition rocks. 

The two formations differ in color; the red 
sandstone cement containing a considerable quanti- 
ty of the red oxide of iron ; in hardness, the red 
sandstone being much softer and less adhesive. 
The red standstone has no veins of calcspar cross- 
ing the stratification, whereas the mywacke shist 
is generally full of little veins or threads of calc- 
sps^, crossme the strata in all directions, and alter- 
nates with beds of compact, small grained lime- 
stone, full of the same veins of calcspar ; the red 
sandstone has no such limestone ; but a thin stra* 
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turn of a kiikd of arg^llactibus Umestone or indura^ 
ted marie, occasionally divides the strata of sand- 
stone ; the gray wacke shist runs into, and alter- 
nates with clay slate, and roofing slate, and goes 
hy a gradual transition into the primitive slate and 
hornblende rocks, but the red sandstone has na 
clay or roofing slate inornearit,and.generally liea 
upon the primitive, without any gradation of trans- 
ition ; it is seldom or never found near tJie gray^ 
wacke, nor often on the sajne side of the range of 
mountains, though when there is no gray wacke, or 
other transition rocks, it occui)ies their place, and 
covers immediately the primitive. 

The gypsium found in the red sandstone is m 
thin strata, alternating 'with much clay in a soft 
state; thp stratum of gypsum in the transition ia 
powerful and extensive, with the little argil it 
contains generally in the form of a shist or islate. 

The above remarks may perhaps be applicable to 
what is called in France the Gre». de ffomllier^ at 
sandstone of the coal formation, which in Flanders, 
and other coal oountriea, has some appearance of 
gray wack^ shjst, and has been takea foC: such by: 
many mineralogists. This Gm? ife Houillw is 
generally composed of sand, witli small plates of 
mica^of ashistosje structure, but is m¥^h softer 
and in general the cement not so diisto^e^ nor does^ 
it alternate with any of the rocks generaJly found 
accompanying the gray wacke shi^t ; and though ii 
is like the red sandstone, and hassome resemblance 
to the formation of gray wacke shist, yet the differ^ 
ence both in structure and positioiy^ !must perhatps^ 
exclude it from those formations^. 

Transitim Nq^ttmian Eock^ 

The character which distinguishes UiiS from the* 
secondary, may perhaps be the nature al^d arrange-- 
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inent of the cements ; in tlie aggregates of the! 
secondary this cement is produced by mfiltrktion ; 
the rounded particles generally touch eaqh otiier^ 
but in the trsLnsitioki^ the particles when small, ap- 
pear to have been swimming or floating in the 
cement, which seems to have prevented them 
from touching^ and usually forms A more homoge- 
neous mass, when the particles are large, gravi- 
tation may have overcome the resistence of the 
cement, ^nd they touch ; but even then the cement 
occupies more of the space, than in the puddings o^ 
the secondaiT. 

The stratinc&tion of the transition rocks, seemd 
to constitute another dividing charaicteristic, being 
generally at a dip from the horizon, and seldom bt 
ever found horizontal ;' biit the limits neai* the di- 
tidilig line will, perfiaps, for a long time f emairi 
doubtful. ' - 

The clay found in the sandstone of the secori^ 
dary is generally in a soft state, earthy in its frac-» 
ture, and has little or no resemblance to the slate^ 
and other argillaceous rocks, minted and alternating 
ivith the transition aggregates. 

The word tramiiion may not be so appropriate 
as intermediate; though in many situations the pas-' 
sage from these roeks^ to what are called primitive^ 
is so CTadual, as to render it difficult to draw the? 
line of separation. 

The application of the term transition \t^as mad^ 
by those who first introduced the division, anci 
described the rbcks included in it; whereas *^in^ 
termediate" has been adopted without any regulai^ 
classification of the rocks meant to be included 
finder the denomination ; from which it is proba- 
ble, that in the present state of our knowledge^ 
transition being better defined, will be better un- 
deratood, which constitutes the principal utility of 
dl names, whetber.of rocks or other substances. 
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23. Gfaywacke^ an aggregate of small frag'^ 
ments or particles of roc^ most frequently round* 
ed by friction or attrition ; and though not gene- 
rally containing the remains of organic matter it- 
self, yet, as it altemates with other rocks in which 
organic matter has been found, it must be ranked 
by analogy as of Neptunian origin. 

There are, perhaps, three species of rocks inclu- 
ded in the above ; which though united in the 
same kind of formation, by containing particles of 
rocks rounded by attrition, vet diflFer in the na- 
ture and relative quantity of the cement which 
unites them^ as Well as in their relative situation. 

The jQrst, and perhaps the most common, is an 
aggregate of different species of rounded rocks, 
where the cement bears a small proportion to the 
auantity of particles aggre^ted; of this kind is 
tne gray wacke of the Hartz in Saxony, and gene- 
rallv that species of gray wacke which alternates 
with gray wacke shist. 

The second is an aggregate with a small grained, 
rather crystalline, cement of a greenish color, re- 
sembling a little some kinds of chlorite, which ce- 
ment forms a great proportion of the rock, as in 
the range north of Vigo, and Bleyburg in Tryol. 

The other is an aggregate of rounded quartz, 
seldom exceeding the size of a walnut, in ashistoze 
cement, inclining to be fibrous, the cement form- 
ing the principsQ mass of the rock; as the rock 
generally found on the borders of the primitive, the 
first a^regate in the transition formation on the 
west side of the primitive ridge in North America, 
in which the quartz is generally of a light blue col- 
or. I found in the vSley of Durasa, south of 
M(tunt Rose, a rock of the same nature. 

23. Gh^aywacke shist^ an aggregate of small par* 
tides of rocks rounded by attrition, united by ace- 
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ment more or less shistoze. having remiaiiis of or^ 
^ic matter, (though rarely) found in it ; and be^ 
mgconsequently of Neptunian origin. 

This formation, though often accompanying 
the j^wacke, yet is much more general and ex- 
tensive ; it covers the north side of the Carpathian 
and Bohemian chain of mountains, as weU as the 
Tyrolean and Switz Alps ; increasing in force as 
it proceeds south along the mountains in Daupiny ; 
it probably covers the virhole chain after you pass 
Mount Cenis, and constitutes the greatest pronor- 
tionof the Appenines from Genoa to beyond m- 
pies. 

In North America it forms the passage between 
the primitive and secondary, along the whole chain^ 
of mountains from north-east to south-v^esi, on the 
west side of the Alleghany; and as it were; lines 
or sheaths the primitive alon^ the edges of the 
great basin of the Mississippi, and supports the 
great secondary calcareous formation, wnich fills 
or o6cupies that basin. 

It constitutes part of the mountains of the Cri- 
mea; surrounds the primitive mountains of the 
Hartz ; js found in Wales, and Cumberland, in 
England; and it is probable there are few primi- 
tive mountains in Europe, between the latitudes 
of fifty and sixtv degrees, which are not covered 
on one side or the omer, by this formation. 

The above general observations on the locality, 
includes the rocks which accompanv and alternate 
with the graywacke shist, such as the clay slate of 
transition, the various stratification of limestone, 
sometimes intimately mixed in thin strata, from 
half an inch to two inches in thickness, and at oth- 
er places alternating in powerCul beds, forming al-* 
most entire mountains. Considering the gray- 
wacke shist as the most general, and best charac-* 

7 
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teiized, of all the members of the transition famify^ 
to avoid repetition, it were perhaps as well to place 
thegeneral observations under mat head. 

T^e chain of the Ardennes is almost entirely 
composed of this formation, which, on the Rhine^ 
and other idaces, furnishes considerable quarries of 
Toofing slaiev 

24. SanMone of transition, in ag^eate of 
small particles roundeiyby attrhion, umted gene-^ 
rally by^ siliceous cen^t, alternating with clay- 
slate and gray-wacke shist. Hiis rock has been 
found to contain the remains of organic matter, 
^nd must therefore be considered of Neptunian 
origin. 

Tins is rather a partial formation, found ^ne- 
Tdly in thin strata^ alternating with the transition 
shist, though it forms in some places west of the 
Alleghany mountains, in North America, consid- 
erable ranges of small hills, and constitutes a ^eat 
proportion of the rolled pebbles found in nvers 
which run over the transition formation. 

S25. Limestone of transition, resembling a lit^ 
the limestone by precipitation of the first order, 
though not so similar as that of the secondary ; 
and containing, though in small quantities, shells 
and the remains of other organic matter, which 
shew it to be of Neptunian ongin. 

This limestone is mixed with the graywacke, 
and clay slates, in almost every proportion, from 
the thinnest shistoze stratification, to the most 
powerful and solid beds ; forming immense blocks 
iree from* cracks or fissures ; and it is probable, that 
the small grained statuary niarble both of Italy and 
Greece, belongs to this formation. When this 
formation touches the compact secondarv lime- 
stone, without any intervention of graywacke shist 
ey slaty rocks, the passage is gtadual and almost 
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imperceptible, leaving much doubt and difficulty 
about the place where the line of separation ought 
to be drawn. It is of all the members of transi- 
tion formation, the^one which most resembles in^ 
structure those of the secondary. 

26. Gfypmm of transition, resembling in com- 
ponent parts, though differing a little in structure- 
from, the gypsum of alluyial and secondary: as it' 
alternates and is maxed with clay slate, in which 
the remains of organic matter has been found, tbis^ 
connects it with me rocks of Neptunian origin. 

This is a considerable formation, generally 
found in mountainous countries; and from the fa- 
cility with which it is dissolved by water, is in a 
broken and confused state, often out of its original 
place, which is perhaps the reason it has been so 
often supposed ta be inclosed in primitive rocks^ 
which tne result of all my observations incline 
me to doubt.. 

It is probable that all the gypsum ii^ Tuscany 
belongs to this formatioa; the powerml bed on 
the top of mount Cenis, I should think also of the 
same species. This gypsum having on each side 
a blue limestone, with dark colored shist alter- 
nating with c^cspar, it seems to be connected witb. 
the transition rocks^ as well as the manv powerful 
beds which are found in the vsdley of Iianz, from 
Lanz le Bourg to JMguebelk. 

The gypsum found in the valley between St^ 
Martins and Sion^ in the Switz Alps, issurrounded- 
by what I consider transition rocks ; and that per- 
haps in the valley of Chamouny, and in the pass^^ 
between Airolo and Dtesentis, from tiie nature of 
surrounding rocks must be classed in gypsum of 
transition. As these three last mentioned locali- 
ties are in a line, running nearly with the stratifica- 
tioaof the chain of mountains, it is probable that. 
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they are only the remains of an immense bed of 
gypsum, wmch might at one time have occupied 
some part of the space where those passes and val- 
leys are formed. 

This gypsum has a small crystalline grain, v^ith 
little or none of the fibrous or lamellar crystsJlized 
^psum sfo common in the formations of the secon- 
oaiy class. 

27. Chy slate of transition. The shistoze 
formation, containing and alternating v^ith strata 
virhich contain impressions of vegetables, and, in 
some places, of animals, must be considered as of 
Neptunian origin. 

A great variety of rocks, principally of a shistoze 
structure, are included in this formation. They 
alternate with shistoze limestone of transition, 
having small veins of calcspar crossing the strata, 
the shist often composed of small detached plates 
of mica, or v^hat has lately been called talc, and 
in some places small veins of quartz intersecting 
the strata. It has the exterior form of gneiss, v^hen 
the thin strata of blue calcareous shist, and plates 
of calcspar^ in segments of unequal thickness, alter- 
nate with each other in the direction of the stratifi- 
cation. 

Roofing slate generally alternates with tliis for- 
mation ; and from its being best knovni, has con- 
tributed, in a great measure, to include the others 
in tbe transition class. Being a necessary article 
for the covering of houses, it has occasioned con- 
siderable quarries and excavations to be made in 
almost every country. In the course of working 
and splitting the slate, impressions of vegetables, 
fish, &c. &c. wer^ found, which probably would 
not have been discovered had tne roofing slate, 
like the other shist, been unfit for the covering of 
houses : as the mode of decomposition on the sur- 
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face would have destroyed those impressions, they 
might have remained for centuries before v^e could 
have observed them, and till this shist formation 
virould have been then considered as belonging to 
the primitive; and as originating before the exist- 
ence of any organic matter. 

May not our v^ants, compelling us to quarry 
other i:ocks, joined to a much more accurate mode 
of examination, discover the remains of or^nic 
matter in rocks until now considered primitive ; 
which might entirely change all the present theo- 
ries of the formation of the earth, and prove how 
dependent those conjectural theories are on the 
smallest discovery that might be made by the at- 
tention and observation of a stone-masonr 

I found the roofing slate near St. Maria, not far 
from the gypsum, between Airolo and Disentis, to 
be a black carbonated transition slate ; on the pas- 
sage of the Fourche; roofing slate containing pyri- 
tous impressions of fish, at Blattenburg, half a 
league from Matt, in the Canton of Glaris; roof- 
ing slate, containing shells, near Mevrengenin the 
Canton of Berne ; roofing slate of Anders ; the 
Ardennes ; in Wales, in. England ; in vanous parts 
of the transition in the United States of America, 
&c. and most probably to be found in some part 
of every considerable formation of transition; 
though the knowledge and industry of the inhabi- 
tants may not have yet applied the slate to any use- 
ful purpose, and of course it lies concealed in the 
mass of other rocks, till now considered of no use, 
un wrought and unknown. 

28. Anthracite being a combustible, and found al- 
ternating with shist, having vegetable impressions, 
though rare, must be considered of Nentunian ori- 
gin. Two kinds of anthracite have oeen found 
within the United States of America j one rattier 
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granular, of a grayish color, and slight metallic ap* 
pearance, containing small veins of quartz ; the 
odier blacker and more shining^ resemoling more 
the common coal in appearance. 

The formation in the United States of America, 
has been generally attended with a satiny trans^ 
ition slate, bearing impressions of vegetables, a 
rather hard species of allum slate, and strata of 
black chalk, as in Spain, which is included Uke- 
wise in transition slate formation : it has been said 
to exist in the primitive in some parts of Europe 
but in no place where I have had occasion to ex- 
amine the situation of the anthracite have I found 
primitive rocks covering or overlaying this forma- 
tion ; though in some places they might serve as 
the foundation to it 1 have likewise near Edin- 
bui]gh, in Hungary, and in France near Tulle, ex- . 
amined the common bituminous coal formation, 
which was said to alternate, and to be covered, 
with primitive roeks ; but found it only in appear^ 
ance, from the derangement of the original situa- 
tion of the strata in both places : agreeably to my 
observation they were the remains of a coal forma- 
tion in a primitive valley, which had undergone 
considerable revolutions, so as to leave only a few 
dislocated fragments of the former stratification. 

39. SUkeous shisl^ (Eeiselshieffer) and Jasper, 
are placed here, from their resemblance to the si- 
liceous precipitations of the secondary class of 
Neptunian rocks, and alternating with some of the 
rocks of the transition class. 

The leading features of the fore^ing formations^ 
are, a very great extension both in length and 
breadth, in proportion to their depth and thickness, 
dividing into horizontal strata, 6r at a small incli- 
nation, seldom divided by vertical fissures, and con- 
tinuing through the whole strata without any 
great change in the structure or external appear- 
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ftnce of the substances. This formation may be 
found to occupy generally between the 20th and 
65th deffrees of latitude, whilst the primitive may 
be found to predominate totvards the poles.* 

May the proper proportion of heat and moisfture^ 
necessary to the production of organic matter, in 
the middle and southern latitudes, be one reason 
why we find there the formations which contain, 
and are partly composed of, such matter in great 
abundance? or the absence of heat towards the 
poles, be one of the causes why those formations 
are not found there in the same proportion, but 
consist principally of the primitive? 

While little or none of Asia, Africa, and perhaps 
not one-third of Europe, and still less of America^ 
have been examined by mineralogists having a 
knowledge of rocks, one runs the risk of general 
izing too much in the present state of our know- 
ledge, and of finding the greater part of future dis- 
coveries, contradicting our principles of generali-^ 
zation. 

The metallic repjositories contained in the rocks 
of Neptunian origin, have a great resemblance, 
both in subsf ance and situation, to those found in 
the primitive class; it is perhaps, one of the strong- 
est feature of connection which approximates 
those two cV«sges, and will be considered along 
with the rocks of the primitive class. 

The volcanic rocks are rather embarrassing, not 
from the nature of the rocks themselves, which in 
{^tuation are consistent and uniform, and in tex^ 
ture, and external characters, better marked, uni-' 



* Should future experience and observation demonstrate that Na- 
ture has accumulated the greatest proportion of the secondary for- 
mation in the middle and tropical latitudes, and for the same reasonr 
continues to heap upon the surface in these latitudes, the matter con- 
solidated by the action of animal and vegetable life ; would this not 
tend to augment the diameter of the globe at tho^e places^ and of 
course give the appearance of flatness to the poles ? 
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ted by stronger features of family connection, ihaii 
the Neptunian rocks — but from the complicated 
state or the nomenclature, arising out of the dis^ 
pute about their origin. The generic name lavdj 
simplifies the nomenclature adopted by the Vol- 
camsts, while the Neptunians admitting of few la^ 
vas, except those ejected from volcanoes at present 
in action, have been forced to give other names to 
the great variety of rocks produced by volcanoes 
now extinct, or united by strong analogy to the 
same origin. 

CLASS IL 

Order i. 

Bocks of Volcank origint 

I'hrown out of active volcanoes, the origin of 
whose formation rests on the evidence of our sen- 
ses. 

There are two modes of examining rocks ; one, 
the investigation of their external appearance, and 
internal structure, which can be accomplished 
with hand specimens in a cabinet, and belongs 
properly to mineralogy ; the oth^r is the tracings 
upon an extensive scale, the rel^iye position of 
their beds, whether stratified or dividea by verti- 
cal fissures ; if stratified, whether horizontal or at 
a dip from the horizon, whether the stratification 
is tegularj occupying large fields of extensive 
countri^, or conisisting of detached insulated mass- 
es, with vertical fissures, partially scattered on the 
surface of all the other formations, &c. : this per- 
haps, belongs to geology, and cannot be studied in 
the cabinet, but requires much practice in the 
mountains, hammer m hand. 

Lavas thfown out from recent volcanoes are 
various in tiieir fractures ; they contain a number 
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bf Idsuiated crystals ^ and ate composed of a varie^ 
tv of different substances ; })\A haViD ohe general 
mstingiiishing mark, which runs through th^ 
t^hole, tod sejUinktes thenl ffom rocks of Neptuni^ 
an oHgiii : this m^k, is a rou^hneiss tod asperity 
ill the structure, owing to thar hatlT vitrifit^tion, 
and numberless small pc^es which they contain ; 
this asperity is softened down by age. Old lavas 

Sy inmtration^ tod absor{ition of mtet^, i^th th6 
ifierent substances that accomptoy ii, put on i, 
inilder ana more unctuous structure, and approach 
liearet the stlriictilre oi Neptunian rocks; 

Currents of lava flowing from the btatel* as a 
tientre^ towards the circumferenice, ^ irrle^ulal^ 
and abrupt in th^h" relative position with surround- 
ing formations ; they have no marks of stratifick-" 
tion ; when divided it is always by vertical fis- 
sures ; th^ are fotmd in detached masseis or long 
ridges, of a considerable thickness in proportion to 
their width ; occupying the inequalities of the stir^ 
iiit/i of all formations whereon they liig, tod with 
which they sieem to have nothiiig in (common. 

MineMogists hdve divided the laVas into diflfer- 
ent. species, according to the different substances 
nVhicncompose the mass of the rock; others hatti 
classed them according to the different crystals 
they contain ; but these distinctions in no wise af- 
fect their origin, and are foreign to the present 
ishbject. 

The total absence of nietsdlic veins in lavas^ 
forms a mark of distinction between the two ori- 
dns. Some iron has been found disseminated iii 
me cavities^ in the form df specular ironore, which 
is evidently formed b^ evaporation, btit in small 
quantities scattered through the porbtis lavas. 

submarine eruptions are common, as is proved 
by the number of islands thrown up under the ev- 
idence of our senses ; and the still greatel* numbef 
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of islands that apparently, and ty direct aiialogy^ 
have been produced by submarine eruptions, 
tiiough the periods of their formation were long 
before the date of our records. JtSs under such 
circumstances that the alternation of the Neptuni- 
an and Volcanic formations most firequenUy takes 
place, as in the islands of Dominiqua, St. ^hristo- 

Sher, and St. Eustatia, in the West Indies ^ the 
sh and shells found in the lava in the Yincentin, 
&c. so that the finding of a bed of shelLlimestone 
ietween two currents of lava, would be agreeable 
to the laws of nature, and no deviation mrni the 
common order of 4;bings« 

Scoria is a kind of vitreous scum that floats on 
the surface of all lavas, and is often ejected, before 
an eruption, by 4lie elastic fluids, and falls and 
mixes with the cmders. ThCipresenoe of scoria 
in extinct volcano^'is admitted oy most Neptuni- 
ans as a proof of the action of fire, but its presence 
is, from the nature of the substance, not of long 
duration ; the rain-water carries it off, and scat* 
ters it over the lower places and vaUies, where the 
operation of time reduces it to an excellent rich 
soil, when it of course loses -all marks of volcanic 
origin. 

Time, vriththe assistsmce of heat and moisture, 
decomposes and changes all the distinguishing 
marl^ of rocks of Volcanic origin, and recomnoses 
them into the form and structure of rocks of Nep- 
tunian origin ; but the more frequently rocks of 
Neptunian origin are decomposed and recomposed, 
the stronger are the characters of their origin, so 
that we cannot be deceived by the present appear- 
ance of Neptunian rocks, when tracing them up 
t6 their original form ; but we are liable to mis- 
take rocks that were originally of Volcanic origin 
before their decomposition, for rocks of the Neptu- 
nian, after the change which time and the ele- 
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ments have made in them. Itts^asy to conceivo 
a large field of Volcanic rocks totally reduced to 
Neptunian by the daily operation of *he elements ) 
but a field of Neptunian rocks cannot borchanged 
into Volcanic butsbj^fire. The productions by 
fire arenartial, violent, and at*first strongly mark- 
ed, but liable io Iom their chsffacters by the daily* 
and hourly operations of thoelements. 

Mud lava may {lerhaps be considered as the ^ 
last efforts of an expiring volcano, when the com-* 
bustible is nearly burned out, and the immense 
caverns, whence were ejected the great currents 
of lavas, come to be filled with water, which grad- 
ually decomposing the bottoms and sides tarns- 
them: into clay; and mud. 

The application* of a sufficient quantity of heat >■ 
to the water in those caverns, so as to turn it^into . 
steamer elastic vapour, may perhaps, be the most^ 
reasonable manner of accounting for these erup- 
tions which have from time to time overrun whole 
countries ; but the evidence of their origin must 
rest either on tradition, or the evidence of ouf 
senses: for » when once the circumstance of their 
being ejected from the bowels of the mountain is 
forg^ten, there is no mark on^ &e mud itself to ^ 
distinguish^it from^nud depositedvby.ariver, thet 
sea, or any other aqueous agent; 

Cinders area* volcanic prcKiuction that are eject^^ 
ed?in all stages of the eruption, like showers, and 
fair on th& earth in strata of different colours, imi- 
tating the stratification of Neptunian rocks, as at 
Orlot, in Spain ; but when thrown out in mass, and 
like a current, they generally indicate that the 
volcano is about to nnish and that the combustible 
matter is nearly exhausted : as at St.. Vincent, and 
the other small volcanic islands of the West \Int 
dies. These cinder eruptions throw out large 
quantities, of isocks half roasted^ that have all tner 
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ftppearance of primitive rocks } some like granites, 
Qiheik like gi^eiss, and some hornblend an4 feldspar 
ft^cks, nes^t^ crystallized and brilliant, having all 
the feldsf^ h^llf vitreous. T)iere is a great simi^ 
larity, both in structure and appearance 19 the 
pasted rocks, throvvQ oyt vnth the cinders, in the 
environs of Rome, ancl those throvm by different 
$rui>tions in the West Indies. When such bedsi 
pf cinders have lain long exposed to t^e weather, 
the greatest part wash away, and the remaindei^ 
becotae earthy ^d lose most of the characters of 
yolcanic productions. 

Pwmcesiom is of volcaniof origin, produced by 
the interlerence of 9. medium that is ^ good con^ 
ductor of heat, suc^ as water ; it is generally found 
on islands ; apd attends mostsubmaiipine eruptions. 
Most of tlie pumice of commerce comes from th^ 
&lan^ of tdt^qri ; it is like^irise abundant in the 
West Ii^^ islands; and generally near the sea^ 
The rapid ^ling of the nielted glass, before the 
elastic fluids are disengaged, seepis to be necessa-. 
ry to the formation of pumicestone. In an extenit 
sive field of volcanic prodyetipns at the Cape du 
Gat, ip Spain, the pumice jjoins to the pear&tone 
mid obsidian, apd ftppears t6 be the outside, while 
the pearlstone and obsidian occupy t]|ie interior, 
^4 ^ve beep subject to a more ^dual coolings 
At the Cape du Gat, vast e^cay^tions were piade 
))y the Romans, in search of gold ftccordingto the 
ppinions of the inhabitants, but really for the alum 
^ock, similar to the alum rock of Tolfa, at l^ulfan 
terra, near Naples, ancl fn all the yolcanic islands of 
the West Indies, |oraft^ by the laya, bleaphed by 
the sulphuric^cid. 

The seat of Volcanic fire is not knovmp ; how 
4eep it may originate below the primitive, is ex-5 
eeedingly uncertain; or whether its begin];iing, 
find progress, is limiteci to the pirunitive rocks, ^n^ 
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tliQBe alxnre them. Experirace teaches m^ that 
yokanoes are often in the primitive, or at no joreat 
di^ance from it ; and that the greatest part ottiie 
substances ejected in a roasted state, and iYitlM>iit 
marks effusion, are similar to {uimitiTe rodos. It 
|sf not probable, that any new substances have 
been ejected by volcanoes, which were not pre- 
viously foqnd in some of the other classes of rodM^ 
narticulary in the primitive. Sulphur is the com^ 
Dustible substance, generally found in and near 
volcanoes. It is prorable that neither sulphur, nor 
imy other ^mbustible substance, has been yet 
found in the lowest granite ; from vrhich it would 
appear, that the fire of Volcanoes commences ei- 
iher above or below the mass of granite. 

It is probable that two thirds of the volcanoes 
that we know of, are upon islands ; many of which 
have been thrown up from the bottom of flie 
ocean, and consist entirely of volcanic rocks : from 
which it is probable, that the vidnity of the sea is 
favourable to the commencement of volcanic com« 
t)Ustioiv 

ORDER U. 

Where the fire has not existed within the reach 
of history, but where the nature and component 
parts, the relative situation, &c, is little different 
irom the active volcanoes, having the remains of 
craters, cements, scoria, $ic. &c. plitced in the same 
relative aiituation ; the currents of lava radiating 
{rom the crater, and covering all the classes n 
rocks, and filling up all the inequalities the cur^ 
rents meet with. Between this arrangement, and 
that of an active volcano, there is a direct and per- 
fect analogy. 

In comp^ng old lavas with those that have re-t 
cently been thrown out of a crater, considerable 
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allowaQce ought to be made for the great change 
that has taken place in the fonner, by the action of 
air and water, and the substances that accompany 
them. The constant filtering of the water, 
through all the pores of the lava, takes off its asper- 
ity and roughness, while tfae»i>ores themselves are 
fined b^ depositions of the various substances held 
in solution by the walep : at the same time the 
water oxides the iron in the lava, and changes it 
into a dull earthy fracture ; all which changes dis- 
guise and mask the true character of the rock, and 
are liable to deceive observation, if it is partial and 
limited to a small extent of country. 

It is the nature of volcamic ro^s to be in detach- 
ed pieces, and particularly after time and decom- 
position have worn away all the scoria, cinders, 
porous lavas, &c. when the most solid part of a 
current of lava becomes initiated at a considera- 
ble distance from the other detached masses of 
rocks of a similar origin. Great care oughts to be 
taken to fill up the cnasm that time has made in 
the continuity of the rocks, before we can decide 
with propriety. 

The fields of extinet volcanoes, that I have had 
an opportunit}^ of examining, were as similar as 
pjossibie in their component parts, and relative po- 
sition : an extensive field round Orlot — near Iiu*^ 
mila, and at the Cape du €rat in Spain — ^round 
Rome — between Rome and Florence^ and in the 
Yincintin, in Italy — ^in Auvergne, in France — 
round Andemac on the Rhine — at Cassel, in Ger* 
many — all of which leave no doubt in my mind 
of their volcanic origin. In all of them I found 
abundance of basalt : in some of them the great- 
est part of the solid lavas were in form of basalt. 
The Austrian police prevented me twice from ex- 
amining Hungry, but I have seen repeated coUec- 
tions^of the rocks of that country, and could scarcely 
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^stinguish llhem from those collected from around 
Naples. How the origm of basalt could be doubt- 
ful with the Wemerians, can only be accounted 
for, by Werner haying at first put the detached 
masses of basalt, found in Saxony, into the Neptu- 
nian origin, and that his disciples have since per- 
severed m the arrangement 

In geological descriptions, it is probable that 
much contusion has arisen from mistaking veins 
for beds. A bed is a stratum in a stratified rock ; 
but rocks that are not stratified cannot be said to 
contain beds : they may have some of their verti- 
cal fissures filled with different substances, or a 
crack or snlit in the rock filled up by infiltration, 
but that 1 should suppose would be, properly 
speaking, a vein. Basalt is not stratified, nor is 
the greatest part of what the Wemerians call the 
newest floetz trap stratified ; therefore these rocks 
cannot be said to contain beds, but only fissures, or 
splits and cracks, filled up with different substan- 
ces, which can have no relation with the origin of 
the rock itself. 

The volcanic islands of the West Indies, such as 
Grenada, St. Vincent, St. Lucia, Martiniqua, Do- 
miniqua, Guadaloupe, Monsterrat, Nevis, St. Chris- 
topher, St. Eustacia, and Saba, have but little ba- 
salt exposed to view : and in that resemble active 
volcanoes, where the cinders, scoria, and other po- 
rous rocks, have not had time to^ wear away, or the 
rivers to cut canals through their currents of lava, 
so as to expose the solid interior lava to our exam- 
ination. 

In ancient, as in the recent lava, there is no ap- 
pearance of metallic veins, or othei; metalliferous 
substances ; and it indiscriminately covers every 
class of rocks, not unfrequently even vegetable 
mould, filling up all the inequalities of the surface 
over which it runs. This is a strong mark of dif- 
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fereAee between the Tdcanic and Neptnhidn oflt^ 
gin ; for the Neptunian bdng a dc^sition front 
Water, by the force of gravitation, wotildform d 
bed of the same thickness upcm the whole sulface^ 
and leave the inequalities ot the surface the sattie 
as before the depcmdoh. 

0Ri>ER iiii 

Wherci ihe rocks ifesemMe miicb, Volc^id 
iroeks, but ire defiden); in their relative situations^ 
having no rismains of scoria, craters, dnders, &c. 
&c. but ix^ in scdttered and detdched masses; 
Here the analogy is not so direct as in the secondl 
order, thoUgh nearer it than an^ of the Neptunidn 
origin. Hie greatest part of tms otAti h basalt, iii 
detached masses, ot lone ridgeis ; occupying in gen- 
eral the tops of small huls^ having no resemblaned 
or relation t6 the surrounding strata ; knd cover- 
ing indiscriminately all the ctesses of rocks as iv&li 
lis every species of alluvial ; in some places it has 
even overlaid vegetable mould : in dl whibh 
tjharacters it agrees with the rocks of recent vol^ 
banoes; In ite component parts, and imbedded 
crystals, it is equally resembling, having crystals 
of peridot, dnd {lyroxinej disseminated m it, like 
the recent lavas of Mount Vesuvius. As in the 
lavas of^ rec^iit Yolciatnoes, so in this order, there 
ftro no metallic veins or deposits found ; which 
teems to be a characteristic difference drawn b^ 
tween the two o|*kins$ that Cdhhot be mistaken, 
and perhaps woula form a line of separation suffi- 
denfly strong of itself without the aid of any oth* 
er difference.^ 

Pitchstohe, greenstone, pearlstone, porphyty^ 
clinkstone, &;c., &c., are names given to the differ- 
ent kinds of rocks found in what Werner calls his 
newest ficetz trap class : they indifferently cover all 
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tttW classes of rocks and alluvial, and as ^ey are 
generally found in the Tidnity of basalt, they^ mxak 
oe considered of the same origin. This kind c^ 
porphyry hies a petrosiliceoas \m^ With crystals o^ 
feldspar, not the dull fractured p(»rphyry, with 
crystals of quartz and fddspar, which generally 
bovef^ the primitive^ though it seldom dtemates 
With it In this way confusbn of luones takes 
place. A Neptunian geologist travels over a coun^ 
try, virheTe the rocks of the nevrest flcstz trap oc- 
bur; he finds trap, CTeenstone, and g)(eenstone 
tram, jiorphyries, cUmc^ne, basalt, &c, &c. A 
Volcanist travels over the same ground, and he 
describes it as consisting of differrat species df 
iava. 

Wemet bein| the first that made any Classifica^ 
tion of rocks, his disciples of course were the first 
Who made any seolc^cal observation ; and as ttiey 
seemed all much interested in puttihg this class of 
rocks into the Neptunian oridn, they pieissed sH^t* 
iy over them, and describra them by NeptUniati 
liames. This may perhapbe one reason why 
they are not so generally known as other rocl^ 
and vrhy they are to l^ found in greater abund^^ 
ance on the sur&ce of the earth than was generally 
supposed. When nositive and liberal examination 
taKes the place of tnat party and systematic spirit^ 
Which seems to have no other oliject in view than 
the support of a theory puMy conjectural, de^ 
pending on the fancy of tne author, and chsmged 
end overturned by every new mventor of svstemsi 
it is then that the science of geology vrill make 
rapid progress^ and be ranked accoromg to its real 
utnity. 

This class of rocks is scattered over the surface 
of the globe. I found them in the Crimea ; along 
the south side of the Bohemian mountains; on 
botii sides of the Saxon mountains, but more com« 
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mon on the south side; near (heiShine at Hoheti^ 
weiler and Old Brisack; scattered over the coun- 
try of Thuringia and Hessecastle; bccupyin^ the 
'tops of the huls through the greater part of the 
Vivarais; at Montpellier and Agde in France; at 
Carthagena in Spain ; in patches along the. foot of 
the south side of the Alp, from fte valley of Falsa 
to La^o Majore, &c., &c; On the continent of 
America, north of the GuK of Mexico, atid east of 
the Mississippi, none of this formation has yet been 
found ; the nearest to it is the trap, which covers 
the oldest red sandstone, but it lias no basaltic 
columns, nor does it contain any peridot or pyrox- 
^ine; and in other respects does not much resem- 
ble this class of rocks : tiiough this trap approach- 
es hear€r to it, than atoy othet y6t found, rf either 
have any active or extinct volteanoes been found 
in that countr}^, which is a species of proof in favor 
'of common origin ; fof if tne first and second or- 
ders of this class had been found in the United 
States, and none of the third order, it might have 

S'ven reason to doubt of their origin; or if the 
ird OTder had been found, and the first and 
second orders of tiiis class were wanting, it would 
have been equally the cause of doubts; but ab- 
sence of all the thtfee orders, implied the absence 
of fire, the origin of the three orders. 

CLASS III. 

Containing rocks that have some distant resem- 
blance both to the rocks originating in water, and 
in fire, but no distinct analogy to either: whose 
origin must remain in doubt, depending on simple 
conjecture. 
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ORDER I* 

Those rocks which conjecture mi^ht be disposed : 
lo place in the rocks of the Neptunmn origin. 

Gneiss by its extensive and regular stratification 
agrees with the relative situation of all Neptunian 
rocks, but it difFers^ widely in.. the arrangement 
and nature of its component partstfrom any rocks 
kpown by actual observation to be.of Neptunian 
origin: it equally differs from, those rocks placed 
hy direct analogy in the Neptunian ^lass, though 
it agrees with the Neptunian in having many and 
rich metallic veins intersecting it. 1 This i)erhap$ 
is one of the most prominent marks (rf distinction 
between the two origins of fire, and water. 

Mica Slate being a species of gneiss, where the 
lay^rs^ of feldspar or quartz are so small as not to 
be distinguished by the eye, nmst of course follow 
the origin of the gneiss, as it* frequently runs by 
imperceptible gradations into gneiss, and gheiss 
into mica slate, making it difficult-to decide wh6rc 
the one begins, or* the other ends. 

Primitive Limestone Crequenfly alternates with 
gneiss, and resembles the Neptunian origin in its 
regular andi extensive stratification. It does not 
differ much in itsjstructure froip t)tter limestone 
formed .by* water, such as the stalactites* in caves. 
It therefore is nearer the rocks of undisputed Nem 
tunian origin than the gneiss;. and perhaps (mly 
differs in the total tibsence of the remains of^organit; 
matter, with which the limestones /ofNeptuniai;i 
origin are filled. : ... 

Vlay Slate is a rock which* corresponds with 
the rocks of Neptunian ori^n, in its mode and re- 
gularity of stratification: it tloes not differ very 
much in its structure and external appearance 
from the Clay Slate of transition. It having no 
remains of organic matter in it, while th? slates flf^ 
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unduputed Neptunian origin contain both Tege« 
table and animal remains, preyents the analogy 
from bein^ direct, and leaves it in doubt 

Serpentme has a regular, and rather extensive 
rtratincation, similar to. the rocks of Neptunian 
oridn ; but in its structure or external appearance, 
it does not agree vdth any« It is likewise without 
the remains of any organic matter, which prevents 
it being clas^ by direct analogy with we Nep- 
tunian, and leaves it in doubt. 

It would appear that Serpentine is more liable 
than any other rock, to change its form and exter-* 
nal character, by the agency of the common ele> 
ments of rain, &c^ $cc, and m many instances the 
changes are visible, where it appears to be shelter^ 
€d from the weather, as its mutation into every spe^ 
eies of asbestus, aminthus, and all the variety of 
fibrous rocks of the miugnesian class. At a place 
called Bauldissero, at the foot of the Alps, about 
twelve or fifteen leagues from Turin, a dark colore 
ed Serpentine is gradually changing into a carbon-* 
ate of magnesia ; which may by uraced through 
its prepress at eveiy step, from the be^ning to 
the endof the process ; ana there is no visible agen^ 
as great part of the rock is evidently below the in-^ 
fluence of the weather* Perhaps some new light 
mieht be thrown upon some or nature's agents by 
a close es;amination of such changes. 

When geolodi^ researches are partial, and con<« 
fined to a small portion of the suriace, it is proba- 
ble that sufficient allowance is not always made 
for that slow and imperceptible change, virhich 
takes place in the structure and external appear^ 
ance oi the rocks, vnthout the aid of any oi the 
known agents, but by a process as yet unknown ; 
not having come vnthin the sphere of our obser^ 
vation we are ignorant of the mode which nature 
takes to jvoduce such changes. 



On the Fcrmatim of JRoeh^ 6% 

ORDBR II« 

Containing those rocks which analogy might he 
disposed to ^ace in the Yolcaniaorigin. 

Homhknd rocks, both greenstones and sienities, 
as well as the unmixed Horablends, resemble some 
species of lava, nearer than thej resemble and rock 
of undisputed Neptunian origin ; but in their rela^ 
tive positions, and regularity offensive stratifica- 
tion, they are similar to those of the Neptunian 
origin, as well as in having pyrites, and other me- 
tallic substances, disseminated ; for this reason the 
analorp' is not direct, and the origin must remain 
doubtluL 

Porphyry^ in its structure and external appear- 
ance, resembles much some lavas, more particu- 
larly those of the oldest kind, where the asperity 
has been worn o£r, and softened by time: but in 
its mode of stratification and relaove isituation, it 
\b similar to the Neptunian ori^n, therefore the 
analogy is not direct, and the ongin must ]:em«in 
doubtful. 

Granite^ There are two species of enntte ; the 
one in large grains, which oeea»onaily alternates 
with gneiss, and contains many valuable speci- 
mens of minerals, such as the emerald, cymo- 
phane, tourmaline, &c. Sec. ; and the other, a mid- 
dling grained granite, often vdth much quartz 
in it, occurring under all other rocks, in large 
fields, without any well defined stratification, but 
divided often by vertical fissures. This last is the 
granite of which we are speaking ; it has more re- 
semblance to some of the feldspatic lavas, than it 
has to any rock known'to be of Neptunian origin* 
It likewise approaches the volcanic, in relative sit- 
uation, without any regular stratification. Tet 
the resemblance does not appear sufficiently strong 
to amount to direct analogy, and we must there- 
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fore remain in doubt as to the nature of its origin.^ 
This granite is the lowest rock in the arrange- 
ment of thfi globe ; through which we never have 
penetrated-; and beyond which we know nothing. 
it is the nucleus of the earth, from which, and on 
which, all changes a!nd formations emanate and 
rest, as an eternal foundation ? or is it only a link 
of those changes, the circle and recurrence of 
whose action, is lost in the immensity of time ? 
We know nothing; we may form theories and 
systems without end, and perhaps one system is 
as gdod a» another ; but still we must recur to the 
humiliating .tinith, we know nothing. 

Between the rocks of the third class, called 
primitive, and* the rocks of the first class of posi- 
tive Neptunian ori^n, the great line of distinction 
is the abundance of remains of animals and vege- 
tables in the first class, and the total absence of 
them in the third class: this third class is similar 
to the second class, or volcanic origin, in being 
without any remains of organic matter^ * 

The first and third classes differ from the scr 
cond class or volcaqic, by being intersected by 
metallic veins, and repositories of metallic substan^ 
ces ; whereas thp second class, has no metallic 
veins, or any metallic depo^itea in it. The low- 
est granite approaches to the volcanic, in being 
without metallic veins, or metallic deposites. 

The result of this investigation would appear to 
be, that all the rock& called Pluvial, secondary, and 
transition, are of Neptunian origin; either by the 
evidence of our senses, or by a strict and direct 
analogy vdth those formed daily under our eyes ; 
that another species of rocks which cover, and over* 
lay the former whose origin is either strikingly 
evident to our senses by the. eruptions. of active 
volcanoes, or bv a strict and direct analogy, are 
evidently of the same origin, though tie fire 
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which was the agent of these changes may haVe 
been long extinct. Havinjo^ thus narrowed the 
ground, we come to the thiitl class or primitive 
rocks, concerning Whose origin neither the evi- 
dence of our senses, nor direct analogy, vdU aid 
our researches ; and we are left to the wide field 
of imagination, where any individual has a right 
to exercise his talents in forming theories^ or in 
other words, in making suppositions. The field 
of fancy is undoubtedly very extensive, where it is 
not limited by some reference to facts on which 
theories may be founded; we accordingly faid 
great variety in the methods diflfereiit authors havfe 
mken to form the earth. 

At present, the dispute seems to rest betweeil 
two antagonists, the disciples of water, and those 
of fire ; (^led Neptunians, and Plutonists or Vol* 
canists. They both found their theories upon thti 
Same general supposition ; that is, that the earth 
at the time they Ibegan their formation was in a 
fluid state : but mey differ in the agent that nature 
may have employea to produce that state of fluidi- 
ty. The Neptunians assert that the whole earth 
was dissolved in water, and the Volcanists that it 
was melted into the fluid state by fire. These two 
theories, as objects of discussion to exercise the ta-^ 
lents and imaginations of the literarv world, would 
be innocent and harmless. But wnen we consid-^ 
er that nine-tenths of geological observations hav^ 
been collected wdth a view to support one or the 
other of the theories, and of course more or less 
from the true state in which nature placed the sub- 
stances examined, — and this for the pur{)ose of 
J)roving the truth of one nature employs, with the 
qualities of which we are still unacquainted ; and 
so go to work to examine accurately nature's 
works; as the only certain mode of becoming ac- 
quamted with her laws : this method would, af 
least, save much precious time, both to writers and 
readers. 
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€^EOIiOGV 

OF THE 

WEST INDIA ISLANDS, 

This range of islands may, in a geological point 
of view, be divided into two distinct parts : one of 
which, occupjang the eastern side, consists of a 
stratification of transition rocks, partially crowned 
by secondary, and embraces the islands of Barba- 
does, Mariegalante, Grandterre in Guadaloupe, 
Deseada, Antigua, St. Bartholomew, St. Martin, 
Angu jUa^ and Santa Cruz ; the other part, consist- 
ing of volcanic formations, with a few partial cov- 
ermgs of secondsury, occupies the western side of 
the range, including the Grenadines, St. Vincent, 
St. Lucia, Martinicco, Dominica, Basseterre in 
Guadaloupe, Monserrat, Nevis, St. Christopher, 
St. Eustatia and Saiba, where the volcanic forma- 
tion appears to terminate. 

Baroadoes. The northern, southern and westr 
ern sections of this island consist of rocks, formed 
of an aggregate of shells and madrepore rocfe, 
mixed with aiflferent kinds of corals, being partly 
consolidated into a mass by the attrition of thte 
water, having the interstices, filled by the particles 
that have been broken, and washed into them, 
sometimes even losing the n^arks of their original 
jEorm^tlon; and partly porous and full of caylties 
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formed by the washing away of the shells and 
madrepores, and by the natural shelving of these 
rocks. This shell limestone is deposited in four 
or five horizontal strata, rising gradually to the 
height of eiffht hundred feet towards the centre 
of the island, and forming as many plateaux as 
there are strata, resembling, at a distant view, the 
steps of stairs. Thence to the eastward or vnnd- 
ward is the district of Scotland, composed of strata 
of slate alternating with limestone, and an aggre- 
jgate cemented with lime, in grains of various sizes, 
and resembling much the different kinds of gray- 
wacke slate, dipping to the east, northerly, and 
running to the north, westerl3r ; having eveiy ap- 
pearance of being the transition rock on which 
the madrepores and corals had built their cells. 

Mariegalante^ Grandterrem Guadaloupe, and 
Deseada^ are all formed of the madrepore rock, ia 
horizontal strata, resembling the same formaticm. 
in Barbadoes, the strata being elevated, one above 
another, and forming a plateau or tabl^ of land, 
at the summit of each, but not rising so high as ia 
Barbado^^ Grandterre in Guad^oupe has this 
formation, exhibiting more the appearance of un- 
dulations, with gentie ascents and declivities, con- 
taining some small streams and marshes, which 
would rather encourage the supposition that it 
rests on a volcanic basis, and is therefore more 
liable to have its rocks deranged from their present 
natural hori^^ntal position. 

Antigua. This island not having been visited 
by the writer, he must take its descrif^tion from 
the specimens brought from it, by which it may 
be concluded, that it is similar, in some of its geo- 
logical traits, to the island of Barbadoes ; having 
the same formation of madrepore rocks, some of 
which are converted into silex in tiie form of agates, 
&c. ; which are valued, as beautiful specimens, by 
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the curious. A part of fhe island consists of a 
stratified rock, in the form of a green schist, cros- 
sing the island from north to south, in a zone of 
three or four miles width, affording the inhabitants 
a useful building stone. The southern side of the 
island is rueged and mountainous, and is described 
as being volcanic. 

St. Bartholomew. The formation throughout 
this island is evidently stratified, though in great 
confusion, (the word stratified is here used in con- 
tradistinction to volcanic) the strata running in a 
direction a little to the west of north, and dipping 
generally to the eastward, as far as could be ascer- 
tained from the disturbed and irregular position of 
the broken rocks. These rocks are found to con- 
sist of three or foiir species of limestone, two of 
them containing shells; some aggregates, which are 
cemented with limestone, andpresent much the 
appearance of transition formation ; several species 
of nomblend rock, a little crystalline; amygdaloid, 
containing small nodules of ealcaire and zeolite, or 
almonds, which, when the stone is fresh broken, 
are undistinguishable from the mass, and discover 
their difference only when in a state of decompo- 
sition ; a soft argillaceous mass, witii spots of green, 
resembling the green earth of Verona ; porphyry, 
with crystals of quartz and feldspar, imbedaed m 
a red argillaceous base, &c., all of them alternat- 
ing one with another, occasionally, and assuming 
the appearance of a transition formation. But 
the various aspects which these rocks present, and 
the different stages of decomposition in which they 
are found, and in which they differ much from 
the rocks of a continent, or of northern climates, 
render it extremely difficult to determine which 
part may be secondary, and which transition. 

St. Martin and Anguilla^ are two small strati- 
fied islands, on a line with St Bartholomew, and 
consisting of a similar formation. 
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The island of St Thomas may^aLso be classed 
in this range. It is stratified^ though in much 
confusion, and so deranged as to render it difficult 
to ascertain the genersl direction, which appears 
to be from north-west to south-east^ dipping easter- 
ly. The rocks consist of a variety of aggregates, 
resembling the transition, some of which whea 
fresh have the appearance <»f homblend rocks, but 
when beginning to decompose, the aggre^te ap* 

{)ears, with a few plates of a black crystaUme rock 
ike hornblend. I found a yellowish brown 
(j^uartzy aggregate, resembling a rock, in the transi- 
tion, at the Lenidi Falls in Pennsylvania. 

Santa Cruz. This island, though included in 
our first division, agrees rather with the direction 
of the volcanic islands; it appears, however, that 
the volcanic formation ceases at Saba, and that 
Santa Cruz is composed of madrepore rocks at the 
west, and, on the eastern side, of rocks similar to 
those of St. Thomas and St Bartholomew. The 
west end and the middle of the island, are low, 
and covered with a shell limestone and madrepore 
rock. The foundation on which this rock reposes 
is a stratum that retains water, and may be a com- 

Eact limestone, as the bases of many of the little 
ills rest on solid limestone. The east end is com- 
posed of different kinds of limestone, alternating 
with amygdaloid, homblend rock and porphyry^ 
like the rocks of St. Bartholomew; it is likewise 
hilly and broken, being stratified in a direction 
nearly north and south. 

All the islands that have been described have a 
striking similarity both in their structure and the 
nature of their materials ; those that are partly or 
wholly covered with the horizontal shell limestone, 
or madrepore I'ocks, are exactly the same ; those 
partly or wholly formed of stratified rocks, consist 
of rocks more than half of which are limestone, oje 
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tiave considerable quantities of lime in ihetn, and 
the remainder of the rocks diflfer very little; they 
have nearly the same dip and direction; have a 
strong characteristic mark of belonging to the tran- 
sition class ; though from their deranged state, and 
the peculiar mode of their decomposition, they 
differ a little in their appearance from the transi- 
tion rocks of Europe, for the limestone is remark- 
ably hard, dry and brittle^ breaking into sharp 
pieces, which sound like a beU, when struck with 
a hammer : this may, perhaps, be the effect of Ae 
constant heat of the climate. The different ap- 
pearance which these rocks assume, when in a 
state of decomposition, from those of northern lat- 
itudes, may in prul: be attributed to the climate, 
and partly to the same cause which produced the 
gjreat confusion in which they are newfound, par- 
ticularly, if that cause raised them from the bot- 
tom of the ocean, and exposed them to the influ- 
ence of a perpetual sun. JBut this, like every cause 
which we cannot discov^, must remain only prob- 
iematical ; for nature has so many modes of (^era- 
ting, and we are as yet acquainted with so small a 
number of them, that our speculations, beyond 
what w^e actuallv know, can at the best butactu- 
ally^reach to probable conjecture. 

The Grenadines. This group of isflands is the 
commencement of the second or western range; 
we sailed through them without stopping, so that 
their geological character must be taken from 
tiieir general appearance, which was completely 
Tolcamc, having rocks rising perpendicularly out 
of the ocean, one of which is caUed, from its form, 
the organ rock, being composed of columns of ba- 
salt. The rocks are in general rugged, and so 
deranged that their volcanie character could not 
be mistaken. ' 

iSt. Vincent^ like all the other volcanic islands, 
is composed of a mixture of lava and cinders, in 
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all proportions. South of Kingston there appeal 
to be more solid and porous lava, and less cinders^ 
than at the north. The Bay of Kingston has the 
appearance of being the remains of an ancient cra- 
ter, the beds of lava inclining irregularly from the 
centre, at a considerable dip, as if they had been 
ejected bom it - Gn every side, the rocks are ag- 
gregates of various kinds of roasted stones, cement- 
ed with cinders, and small atoms of scoria ; and 
though many of the roUed rocks neither bear 
strong marks of fusion, nor resemble much recent 
lavas, yet they all have a family feature, and must 
be considered of volcanic onrin. A substance 
like homblend, with feldspar im bedded in it, forms 
the principal part of these rocks, which vary in 
colour, from nearly black to gray, the feldspar be- 
ing generally crystallised, and frequently oiapha-* 
nous, pasi^n^ through the porous or scoriotis rocks 
witiiout indications of having undergone much 
change. There are two principal modes by Which 
the production of cinders or ashes mav be account* 
ed for : they may be thrown from the crater of a 
volcano during an irruption of lava, and in that 
ease they consist of small pieces of scoria, pumice, 
&c. and are placed in strata of various thicknesses 
and colours, as if deposited by water ; or they may 
be ejected from volcanoes nearly exhausted, mix- 
ed with water and rocks, forming large beds or 
tjurrents, of an a^egate, which is in time cement- 
ed, and wears me appearance of a brechia. A 
third mode is, perhaps, the irruption of lava into 
the sea, at the commencement of submarine volca^ 
noes, when by means of the sudden cooling, the 
melted lava might crumble into small angular 
sand, and form beds of cinders. From Kingston 
to the north end of the island, the same alteration 
of cinders and solid lava obtains, forming steep pre- 
cipices, and narrow vallies, tiie wearing and exca- 
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•Ration of which, by the mountain torrents, is facil- 
itated by the prevalence of the citoders, which in- 
crease as you approach the Soufriere^ a name giv- 
en, in the West Indies, to spots which indicate the 
remains of a subsiding volcano^ aild whence hot 
sulphureous vapours are ejected through fumerob^ 
depositing sulphur, and bleaching the surround- 
ing rocks mto alum-stone, as at Solfa-terra near Na- 
ples. 

The fumerols of this Soufriere are at present ex- 
tinguished, perhaps by the last eruption of cinders 
in 181S, when the crater threw a mixture of wa* 
ter, rocks and cinders, in a state approaching to 
ignition, resembling a current of Ikva ; burning the 
woods, and filling tne channels of the little rivers 
that descend the mountain, rising Sometimes to 
the height of three or four hundred feet; 

This eruption consisted of a great quahtitv bf 
angular sand, the broken masses of roasted and vit- 
rified rocks being mixed with loose angular pie- 
ces of all sizes, brittle, and crumbling under the 
hammer. These imbedded rocks are, 1st. A 
rock resembling a small and middling sized grain- 
ed granite, roasted, with diaphanous feldspar. — 
2d. A gray rock, in plates, like gneiss, but much 
altered by the fire. 3d. A feldspar and homblend 
rock, the feldspar chrystallized aiid diaphanous, 
with the appearance of having been roasted. — • 
4th. A homblend rock, crystalline, having a ipoast- 
ed appearance. 5th. A diark coloured rock, with 
a conchoidal, even, vitreous fracture, containing 
crystals of feldspar, some pieces so vitreous as to 
resemble pitch stone, and porphyry running 
through all the gradations from a gray rock, scarce-* 
ly vitrified, to a total vitrification, and thence to a 
porous scoria, not unlike pumice, with transparent 
crystals of feldspar, taking a deeper tinge of black 
in proportion to the degree of vitrification. 6th. A 

S 
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bluish rock with feldspar, and some black crystal 
having all the appearance of compact lava. If one 
supposes that volcanic action tends to form Jbi^e 
cavities under the places whence the lava, &c. is- 
sues, and that one, or more, of these cavities, 
where the combustible materials are exhausted, 
becomes filled with water, while other cavities, 
where these materials still remain, are filled with 
lava, &c. it would appear only necessary to unite 
the contents of two such caverns, to produce all 
the effects of an eruption of cinders, 

St. Luda X passed, and only observed it from the 
sea. It has the appearance of being rugged and 
steep, with few vallies, and perhaps not the same 
proportion of cinders as the other islands. It has 
an extensive soufriere at the foot of two sharp con- 
ical hills. 

Martinico. On the south side of the bay of 
jPort Royal, at Lamentine and point De Bourg, 
there is a compact rock, dividing like trap, and 
decomposing into balls, which fall into a strong red 
clay, making an excellent soil ; it rests upon a bed 
of cinders, and assumes in some places the form 
of basaltic columns. 

About Port Royal, and the hill to the north of 
it, there is a current of solid lava, which has form- 
ed the north side of the bay, decomposing into 
balls, and forming a strong soil. 

From point Negro to St. Peters the coast con- 
sists principally of cinders, mixed with lava rocks. 
tJnder the fort at the south end of St. Peters, and 
near the Botanic Garden on the north side, there 
appears a mass of the same rock as occurs at Port 
Royal, approaching the basaltic form, and is full 
of vitreous crystals of feldspar. 

The region lying across the island from St. Pe- 
ters to Bass-point, is composed, wholly 4:o the sum- 
mit oflhe land^of cinders and pumice^ with vege- 
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t&ble earth lying between the beds of cinders, al- 
ternating two or three times. Descending to the 
windward part of the island, the cinders are found 
mixed with detached pieces of compact lava, and 
other rocks, with large blocks of pumice, till you 
come to the flat country, which is covered with 
cinders. It is natural to suppose that the greatest 
part of the light substances, such as cinders, pum- 
ice stones, &c. should go to leeward ; vet in the 
eruption of St. Vincent, in 1812, very fine cinders 
fell on the decks of vessels three or lour hundred 
miles to windward, supposed to have been carried 
by a counter current of air, in the uj^er regions of 
the atmosphere. 

Dominica is in general composed of cinders, 
with rolled and detached pieces of lava, pumice, 
&c- disseminated so as to lorm a kind of pudding- 
stone, containing five times more of the cement 
than of the detached pieces. Where compact la- 
va appears, it is in masses, seldom in currents, and 
generally covering the cinders, and is also covered 
by them. 

The soufriere is in the bottom of a bay, at the 
south end of the island, and has all the appearance 
of being the remains of an ancient crater : it is ex- 
tensive, and furnishes at times both sulphur anB 
alum, the quantity of alum rocks being consider- 
able. There are other fumerols in the interior of 
the island, which might furnish alum and sul- 
phur. 

On the top of the mountain, as you cross the 
island, there is a lake, having all the appearance of 
being an old crater, about which the quantity of 
loose stones is greater, and of cinders less, than on 
the coast. 

A bed of coral and madrepore limestone, with 
shells, lies horizontally on a oed of cinders, about 
two or three hundred feet above the level of the 
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sea, at Rousseau, and is covered with cinders to a^ 
considerable height. 

Basseterre in Guadaloupe. On landing at St. 
Rose, at the north end, the red clay occurs as at 
Lamentine in Martinico, and is the result of the 
decomposition of the same compact blue basaltic 
rock, which appears to prevail over all the low 
country, dividmg Grandterre from Basseterre. 
This blue rock is placed on a bed of cinders, and 
takes the form of an irregular basalt. 

From St Rose to Delahay, along the coast, the 
head land appears of solid rocks, like currents of 
lava, separated by narrow sandy vallies, the sand 
being partly white and calcareous, formed by the 
trituration of shells; and partly black and ferrugi- 
nous crystalline, from the decomposition of solid 
lava : this ferruginous sand is found in all volcan- 
ic countries, and frequentiy is a distinguished char- 
acteristic of volcanic regions. At a head land, 
about one league north of Pigeon island, called 
Malendure, there occurs a current of red cinders,, 
filled with small prisms of red stilbite, and having 
loose pieces of lava mixed, containing also the red 
stilbite, two of them, viz. Vesuvius and this, are 
undoubtedly volcanic, the other, the valley of Fal- 
sa, in the Triol, has been supposed to be of Neptu- 
nian origin by the Wemerians. Along the coast 
of Basseterre is found a mixture of cinders and la- 
va, but moresolid lava in currents, than in the oth- 
er islands. 

About six leagues to Ae top of the cone, where 
the crater had been, and where the soufriere i^ 
now, I found a chasm or crack, in the mountain^ 
which had all the appearance of having been once 
a crater, hut which had been closed by some con- 
vulsion, where, by the removal of the middle, the 
sides had been impelled together with such force, 
as to break up the walls, and leave the whole iik 
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the greatest confusion. The fumerols are on the 
side of this crack, without any accumulation of 
sulphur, or alum rock, for these substances fall into 
the crack as fast as they are formed. The scenery 
is exceedingly rugged and wild; the rocks broken 
in immensely lar^e masses, and irregularly thrown 
about in every direction. At the northern extre- 
mity of this crack lies what is called the cave, 
whence there issued, about fifteen or twenty years 
ago, a flood of water and rocks, which ran aown 
me valley, at present called the valley of Faujas, in 
the utmost disorder. I am inclined to think that 
water only came from the crack, and that it ran 
over the mountain, sweeping in its course all the 
small stones and cinders, leaving those that were 
too large to be moved. This eruption of water 
was cool, and without any apparent connection 
with heat, though it was most probably ejected by 
the force of some elastic fluid. 

Montserrat. I passed close to the leeward side 
of the island of Montserrat, but did not land. The 
south side had an appearance of being partly com- 
posed of solid rock, and the rest of the island might 
oe supposed to be constituted of cinders mixed 
with loose rocks, as it consists of one mountain, the 
sides of which are furrowed by the rain, gently, 
and not in precipices, as would nave been the case 
had there been many currents of solid lavaj which 
circumstance, with the flatness of the coast, and 
the gradual ascent of the mountain, would seem 
to indicate a ^eat proportion of cinders. 

Nevis consists of one mountain in the middle, a 
truncated cone, I suppose about two thousand feet 
high ; and one small elevation to the south, called 
Saddle-Hill, and another to the north, called Uound- 
HOl; the rest of the island is a ^adual descent 
from these three hills to the sea. It is composed 
of large masses of rocks, in beds of cinders, gray, 
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red, and black, of various degrees of solidity, from 
the pumice to the compact lava ; the black crystals 
I take to be augite, or perhaps what Werner calls 
the basaltic homblend, of the Cape de Gate in 
Spain, many of the rocks being like those found 
at that place. The white or glassy 1 take to be 
feldspar, which, with a black substanfce resembling 
homWend, constitutes a great proportion of the 
rocks of the volcanic islands m the West Indies. 
The nodules which are found occur, more frequent- 
ly in the centre of other rocks, they are of a small 
compact grain like greenstone and not unlike 
those rounded pieces Found in granite. 

About one mile and a half south-east of Charles- 
ton, there is a soufriere almost extinct, which oc- 
cupies about two or three acres of level spot. One 
mile below, there is a hot spring, the water of 
which rises to one hundred and ten degress of Fah- 
renheit, and is used as a medical bath ; and on the 
edge of the sea, about half a mile distant, the heat 
of the earth is sufficient to make the water boil. 
To the north of Charleston there are likewise^ 
soufriers, and there can be little doubt that on all 
the islands, there have been a number of soufrieres 
which are now extinct and wasted awary. 

St. Christopher. This islknd, near Basseterre, 
consists of beds of black, red, and gray cinders, va- 
rying in thickness from two inches to many feet, 
containing black and white crystals, resembling 
those found in the last cinder eruption of St. Vin- 
cent. The sand on the hay of Basseterre is most- 
ly of the black iron kind, with scarcely any of the 
broken shells or madrepore rock. Along the coast 
to Old-Road, the formation is of cinders, with few 
detached rocks, and the same from Old-Road to 
Biimstone-Hill. 

Brimstone-Hill is a stratification of madrepore 
limestone, containing shells, at an angle of upward:^ 
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<si fifty degress from the roHzon, reposing upcfn a 
bed of volcanic cinders, and partiy covered by vol* 
tumic eruptions, making a fine specimen of the al- 
ternation of the Neptunian and volcanit^ formations, 
which, for ought we know, may he repeated twen- 
ty or thirty times in the foundation of these islands, 
9S every current of lava that runs into the sea is 
liable to be covered with corals, madrepores, &c. 
and afterwards recovered with lava, until it comes 
above the surface of the sea. 

On the south end, above Sandy-Point, there is 
more pumice stone, and at a point a little north, 
there appear to be solid masses of compact rock, 
which look like currents of lava. From Sandy- 
Point to Deep-Bay, the rocks which occur are 
those mixed witlv cinders of a black color, and full 
of glassy or transparent crystals. 

S/. Eustatia is formed of two hills that appear 
to have been both craters of volcanoes ; the west- 
ern one is more ancient and is filled up with earth, 
&c., the eastern one is higher and appears to be 
more recent, the crater being only partially filled. 
The space between these two hills is filled with 
cinders, forming a plain with a bay on each side; the 
one to the leeward is the harbor, on the edge of 
which stands the town. 

On the south-east side of the large hill towards 
St. Christopher, there is a stratification of madre- 

i)ore limestone alternating with beds of shells, simi- 
ar to those found at present in the sea. The 
whole of his marine desposition dips to the south- 
west, at an angle of upwards of forty-five degrees 
from the horizon, resting upon a bed of cinders, 
full of pumice and other volcanic rocks, and is im- 
mediately covered by a bed of madrepore, and cin- 
ders, mixed together, with blocks of volcanic rocks 
so disseminated that there can be no doubt of the 
volcanic origin of the substance above and below 
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the madrepore rock,^^ich may be from five td 
six hundred yards thick. Part of this madrepore 
rock is changing into silex, having the part that 
surrounded t£e animal already converted mto chal^ 
cedony. A considerable quantity of gypsum is 
found near the same place, m a crystalline st^te. 

Saba. This little island seems to finish the vol- 
canic formation, and consists of one mountain^ 
jrather rougher and more rugged than St. Eus^ 
tatia, but apparently of nearly the same kind of 
rocks. 

The foregoing description of the volcanic islands 
may perhaps authorize the foUovi^ing general re-^ 
jnarks. 

1st. That there is a great similarity in the sub-* 
(stances ejected, which are marked oy a famil/ 
feature running through all the rocks, cinders, &c., 
of the different islan& ; and it is to be observed 
that the proportion of cinders, pumice, and other 
li^ht substances, is much greater than of solid lavas^ 
vWiich are but thinly scattered ; also that the cin^ 
ders are always the lowest stratum, on a level vnth 
the sea, and the masses of solid lava near the level, 
repose on a bed of cinders, in every place where I 
had access to them. 

3d. The madrepore and coi^ rocks, mixed with 
shells, partly similar to those found at present in 
the sea, are found in many places alternating with 
the cinders, and other volcanic rocks, presenting 
much the appearance of the whole having been 
ejected from the bottom of the ocean. 

3d. The direction of the islands, running from 
north to south, a little easterly, corresponds with 
the direction of the strata of those stratified islands^ 
lying to the eastward : such as Barbadoes, St. Bar-^ 
tholomew, Stc., which should seem to support the 
supposition, that the seat of combustion occupies 
a stratified substance, running parallel to the gen-^ 
eral stratification of the surrounding rocks. 
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4th. In all the islands there are one or more 
soufrieres, all of which form alum rocks^ and de- 
posite sulphur, proving that sulphur is one of the 
ingredients that support the combustion, and per- 
haps giving strengtn to the supposition, that v^nat- 
ever may have been the ori^nal cause of the com- 
bustion, that cause is uniform, and the same 
through all the islands. 

5th. In the eruption of cinders, lately ejected, 
there was a great quantity of stones thrown out^ 
exhibiting no appearance of having ever been in 
a state effusion, but only roasted by a considerable 
heat ; most of these rocks have every appeiarance 
of belonging to the primitive class, by tneir crys- 
talline structure, and the position of their compo- 
nent parts. From which remarks it would appear 
reasonable that the following conjectures may be 
hazarded. 

1st. That the islands were probably thrown up 
from the bottom of the ocean. 

2d. That the seat of combustion is more proba- 
bly in a substance stratified, and that sulphur is 
one of the combustible ingredients. 

3d. That the substance so stratified is most pro- 
bably the primitive, and that consequently the 
combustion is in the primitive region covered by 
the transition, which forms the islands of the east- 
ern group. 
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